Neutral-helium line strengths in the early-type stars by Norris, John Edward
NEUTRAL-HELIUM LINE STRENGTHS IN THE EARLY-TYPE STARS
JOHN NORRIS
1970
A thesis submitted for the Degree 
of Doctor of Philosophy in the 
Australian National University,
Canberra
To my parents and Robyn
This thesis is my own original work except where contributions of 
other investigators are indicated in the text, and with the further 
exception that Papers I and II have been written jointly with 
Professor Bodo Baschek. While these tv/o papers necessarily represent 
a synthesis of ideas I acknowledge that § III(a) of Paper I and 
§§ 11(a) and IV of Paper II are essentially the work of my co-author.
PREFACE
The present work comprises six papers on the interpretation of 
observed neutral-helium line strengths in the early-type stars.
Papers I-III are to appear as Supplement No. 176 to the Astrophysical 
Journal. Papers IV-VI have been prepared for publication.
Throughout this study Drs. Leonard Searle and A.W. Rodgers have 
given generously of their time and knowledge. I am deeply grateful 
to them. Papers I and II were undertaken jointly with Professor Bodo 
Baschek. It is a pleasure to record my appreciation of the benefit 
I have derived from this association. Further acknowledgements have 
been made in each paper. At this point, however, I should like to 
thank Drs. M.S. Bessel1, A.R. Hyland and E.B. Newell for their many 
stimulating discussions at various stages of the investigation.
I thank Professor O.J. Eggen for affording me the liberal use of 
the facilities of the Mount Stromlo and Siding Spring Observatories.
Mrs. R. Bowman has typed this thesis with care and dexterity.
Miss Flora Ogston and Dr. R.L. Jory have assisted in many ways in its 
production.
This investigation has been financially supported by the award of 
a General Motors Holden Postgraduate Fellowship (1966-1968) and an 
Australian National University Research Scholarship (1S69) .
TABLE OF CONTENTS
INTRODUCTION TO THE SERIES OF PAPERS *NEUTRAL HELIUM LINE
STRENGTHS5 .... I
I Introduction .... 2
II Advances in the Line-Broadening Theory of Neutral Helium ..... 4
III The Normal Population I stars   5
IV The Subdwarf B Stars of Population II   8
V The Peculiar Helium Line Stars of Population I   9
VI Outline of the Papers to be Presented   12
NEUTRAL-HELIUM LINE STRENGTHS. I. LINE PROFILES FOR A GRID 
OF APPROXIMATE LINE-BLANKETED MODEL ATMOSPHERES .... 17
I Introduction   18
II The Model Atmospheres   20
III The Helium Line Profiles   22
IV Conclusion   27
Appendix I Tables of Model Atmospheres .... 32
Appendix II Helium Line Profiles   34
Appendix III Continuum measures and By profiles   47
NEUTRAL-HELIUM LINE STRENGTHS. II. THE B-TYPE SUBDWaRF
HD 205805   48
I Introduction   49
II Observations  50
III The Atmospheric Parameters 0 , log g and N(He)/N(H)   54
IV The Explanation of the Singlet-Triplet Anomaly   60
V Abundances of the Elements Heavier than Helium ....  63
VI Conclusion   64
VII Summary ....  67
NEUTRAL-HELIUM LINE STRENGTHS. III. THE SINGLET-TRIPLET
ANOMALY OF POPULATION I STARS ....  70
NEUTRAL-HELIUM LINE STRENGTHS. IV. 14 'NORMAL* STARS OF 
POPULATION I   82
I Introduction   84
II Observational Material   86
III Model Atmosphere Computations   93
IV The Atmospheric Parameters 8 * log g and e(He)   96e
V Analysis of the Helium Abundances  104
VI Conclusion  117
Appendix Computed Helium Line Strengths  121
ADDENDA TO PAPER IV. HYDROGEN LINE PROFILES AND CONTINUA FOR
THE GRID OF APPROXIMATE LINE-BLANKETED MODEL ATMOSPHERES .... 123
Addendum I Hydrogen Line Profiles  125
Addendum II Relative Energy Distributions  123
NEUTRAL-HELIUM LINE STRENGTHS. V. THE WEAK-HELIUM-LINE STARS 
OF POPULATION I  130
I Introduction and Stars Observed  131
II The Atmospheric Parameters 6 and log g  134
III Apparent Helium Abundances  143
IV Line Strengths of Elements Heavier than Helium  150
V The Position of the Weak-Helium-Line Stars in the
(e0 , log g)-Plane .... 161
VI Summary  173
NEUTRAL-HELIUM LINE STRENGTHS. VI. THE HELIUM SPECTURM
VARIABLE a CENTAURI  178
I Introduction  180
II The Period of the Helium Line Variation .....181
III Effective Temperature, Surface Gravity and Apparent
Helium Abundance Variation  190
IV The Metallic Line Spectrum of a Centauri  204
V Radial Velocity Variation  212
VI Conclusion .....216
SUMMARY  222
INTRODUCTION TO THE SERIES OF PAPERS
*NEUTRAL-HELIUM LINE STRENGTHS'
2 .
I . INTRODUCTION
The in terp reta tion  o f the observed lin e  strengths o f neutral 
helium in  the early -typ e stars i s  o f considerable importance in 
determining the d is tr iü u tio n  and orig in  o f  the G alactic  helium 
abundance. I f  the strong lin e s  o f  the d if fu se  se r ie s  o f  helium 
may be used as r e lia b le  abundance ind icators i t  becomes p o ss ib le  to  
survey the helium abundance over a large region o f the Galaxy. The 
actual value o f  the abundance i s  p ertin en t to  the s i t e  o f formation 
o f helium . (See, for example, Wagoner, Fowler and Hoyle [1967] and 
Dicke [1968] on the importance o f  observed helium abundances to the 
various cosm ological th eor ies and the p o ss ib le  requirement o f  
supermassive sta rs  as the s i t e  o f  form ation.)
While the helium lin e  strengths in  most nearby Population I s ta r s  
may be described by the normal tem perature-lum inosity c la s s i f ic a t io n  
and an apparently unique helium abundance, the problem is  complicated 
by the ex isten ce  of a small group o f s ta rs  in which the helium lin e s  
are weak compared with the normal sta rs  o f s im ila r  co lo r . These are the 
Si A4200 sta rs  and the so -c a lle d  w eak-helium -line sta rs  (S earle  and 
Sargent 1964; Sargent and S tr ittm atter  1966). The presence o f such 
stars in  c lu s te r s  and a sso c ia tio n s  o f normal s ta r s  im plies that the 
helium weakness i s  an atmospheric e f fe c t  and not in d ica tiv e  o f  th e ir  
overa ll abundance. (See Hyland i_ 1967J for a d iscu ssio n  o f Si A4200 
stars in c lu s te r s .)  Although th is  group o f  s ta r s  c o n stitu te  only a 
small proportion o f Population I s ta r s , and may hence be 'd iscarded' 
in  deriving the mean helium abundance o f  the population , the s itu a t io n
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fo r  Popu la tion  I I  s ta r s  i s  n o t c le a r .  Severa l groups o f P opula tion  I I  
s ta r s  appear to  have weak helium  lin e s  fo r  t h e i r  c o lo r . These a re  
the  b lu e -h o riz o n ta l-b ra n c h  s ta r s  o f g lo b u la r  c lu s te r s  (S ea rle  and 
Rodgers 1966; G reenste in  and Munch 1966; Sargent 1967, Newell 1969) 
and th e  two groups o f s ta r s  desig n a ted  Bw and subdwarf B (sdB) .
(S argen t and S ea rle  1968.) Sargent and S ea rle  (1967) have d iscovered  
th a t  in  some o f  the  Bw s ta r s  th e  weak helium  l in e s  a re  accompanied 
by s tro n g  l in e s  o f phosphorus. The s p e c tra  o f th e se  s ta r s  a re  no t 
u n lik e  th a t  o f th e  P opu la tion  I w eak-helium -line  s t a r  3 Cen A. I t  may 
hence be argued th a t  the  weak helium l in e s  observed in many P opu la tion  II  
s ta r s  ( a t  d isp e rs io n s  too  sm all to  show p o s s ib le  phosphorus l in e s )  are  
n o t in d ic a t iv e  o f th e  s t a r 's  i n i t i a l  abundance. While th i s  argument 
a p p lie s  in  p a r t i c u la r  to  the  b lu e -h o riz o n ta l-b ra n c h  s ta r s  o f  g lo b u la r 
c lu s te r s  (o f which th e  Bw s ta r s  are thought to  be th e  f i e ld  c o u n te r p a r t) , 
i t  i s  n o t obvious th a t  i t  p e r ta in s  to  th e  subdwarf B s t a r s ,  which a re  
observed to  have h ig h e r tem peratu res and g r a v i t ie s  than the  Bw s t a r s .
The purpose o f  th i s  s e r ie s  o f papers i s  tw o fo ld . The f i r s t  i s  to  
in v e s t ig a te  w hether n e u tra l-h e liu m  l in e s  may be used to  determ ine 
c re d ib le  atm ospheric  helium  abundances both  in  th e  normal s t a r s  o f  
Population  I and in  th e  sdB s ta r s  o f P opu la tion  I I .  The second is  to  
examine and document th e  a tm ospheric  param eters o f  th e  P opu la tion  I 
s ta r s  which show p e c u l ia r  helium  l in e  s tre n g th s  compared w ith  normal 
s ta r s  o f  s im ila r  c o lo r . In th i s  ch ap te r I b r i e f ly  d e sc rib e  th e  problems 
lead ing  to  th e se  in v e s t ig a t io n s .  § II  d isc u sse s  th e  re c e n t advances 
in  th e  th eo ry  o f th e  S ta rk  broadening o f th e  n e u tra l-h e liu m  l in e s .
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§ I I I  is  concerned w ith  the  normal s ta r s  o f P opula tion  I ;  § IV o u tlin e s  
th e  problem o f th e  sdB s t a r s ;  and § V d e sc r ib e s  th e  phenomenon o f 
p e c u lia r  helium  l in e  s tre n g th s  in  P opu la tion  I s t a r s .  The f in a l  
s e c tio n  g ives an o u tl in e  o f th e  papers to  be p re sen te d .
I I .  ADVANCES IN THE LINE-BROADENING THEORY OF NEUTRAL HELIUM
The g re a te s t  impediment to  th e  in te r p r e ta t io n  o f  observed n e u t r a l - 
helium  l in e  s tre n g th s  has been th e  lack  o f  a th eo ry  o f  S ta rk  broadening 
fo r  th ese  l in e s  which allow s fo r  th e  e f f e c t  of n o n -a d ia b a tic  
t r a n s i t io n s  between bo th  degenera te  and c lo se ly  spaced le v e l s .  This 
e f f e c t  i s  o f co n sid e rab le  im portance in  th e  e le c tro n  broadening in  
the  l in e  c o re , and in  o verlapp ing  l in e s .  During th e  p a s t  decade th is  
need has been m et. In 1962, Griem, B aranger, Kolb and O erte l 
p resen ted  th e  a p p lic a t io n  o f  such a th eo ry  to  th e  e lec tro n -im p a c t 
broadening o f  th e  is o la te d  l in e s  o f n e u tra l  helium . (The ion 
broadening was t r e a te d  in  the  a d ia b a tic  app ro x im atio n .) Griem (1968) 
and Gieske and Griem (1969) extended th i s  work to  th e  s tro n g  l in e s  o f 
the  d if fu s e  s e r ie s  so im portan t in astronomy because o f  t h e i r  prominence 
in  s t e l l a r  s p e c tra .  B arnard, Cooper and Shamey (1969) a lso  computed 
th e  S ta rk  broadened p r o f i l e s  o f th e  d if fu s e  s e r ie s  l in e s  He I XX4471 
and 4921 a llow ing  fo r  n o n - a d ia b a t ic i ty . P r io r  to  th i s  work o f  Griem, 
Gieske and Barnard e t  a l . ,  P fennig  and T re f f tz  (1966) had in v e s t ig a te d  
the  q u a s i s ta t i c  broadening o f  th e  wings o f  the  s tro n g  d if f u s e  s e r ie s  
l in e s .  The a d ia b a tic  assum ption is  v a l id  in  th i s  regim e. With th ese
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broadening  th e o r ie s  and th e  th eo ry  o f model atm ospheres i t  should be 
p o s s ib le  to  o b ta in  atm ospheric helium  abundances.
I I I .  THE NORMAL POPULATION I STARS 
Given s a t i s f a c to r y  b roadening  th e o r ie s  fo r  th e  n e u tra l  helium  l in e s ,  
th e  one rem aining problem i s  w hether the  e f f e c t s  o f  d e p a rtu re s  from 
Local Thermodynamic E qu ilib rium  (LTE) a re  im portan t in  th e  form ation 
o f the helium  l in e s .  I f  th i s  i s  th e  case th e  problem o f abundance 
d e te rm in a tio n  i s  g re a t ly  com plicated . The b a s is  fo r  th e  b e l i e f  th a t  
such e f f e c t s  m ight be im portan t was p rovided  by th e  e a r ly  o b serv a tio n s  
o f  S truve (1928) who d iscovered  th a t  fo r  th e  P opu la tion  I s ta r s  the  
l in e  A4387 o f th e  d if fu s e  s in g le t  s e r ie s  behaves q u ite  d i f f e r e n t ly  
from th e  d if f u s e  t r i p l e t  l in e  A447I as a fu n c tio n  o f s p e c tra l  ty p e .
He found th a t  the  l in e  r a t i o  A4387/A4471 in c reased  from about 0.4 in 
l a te  B-type s ta r s  to  a broad maximum o f  0.85 a t  s p e c tr a l  types Bl-2 
and then decreased  to  0 .3  a t  s p e c tr a l  type 0 . In 1931 S truve showed 
th a t  a s im ila r  e f f e c t  was p re se n t in  th e  s i n g l e t - t r i p l e t  r a t io s  
A4009/A4026 and A4143/A4120. This phenomenon has become known as the 
s i n g l e t - t r i p l e t  anomaly. S ince a t  th a t  tim e th e  b roadening  theory  
fo r  th ese  l in e s  was n o t un d ers to o d , no f u l ly  s a t i s f a c to r y  trea tm en t 
o f th e  problem  could be u n d ertak en . S truve  (1935) and S truve and 
Wurm (1938) were in c lin e d  to  the  view th a t  d e p a r tu re s  from LTE were 
the cause o f  the  phenomenon. U n d erh ill (1P66) has re c e n tly  concurred 
w ith th i s  e x p la n a tio n . Goldberg (1939), however, proposed th a t  the  
phenomenon was a cu rve-o f-g row th  e f f e c t .  He reasoned th a t  s in ce  th e
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singlets are in general weaker than the triplets they should weaken 
more rapidly than the triplets as the lines become weak at the late-B 
and 0 spectral types. Implicit in Goldberg’s reasoning is that Stark 
broadening affects both singlets and triplets in a similar manner. It 
is evident that the argument can only be fully settled by computations 
employing the recent line-broadening theories. This will form the 
theme of Paper III of the present work.
The results of abundance determinations (assuming LTE) in 
Population I stars prior to the work of Griem et al. (1962), have been 
summarized by Jugaku (1959). On the one hand Unsold (1941a,b, 1942, 
1944a,b), Traving (1955, 1957) and Cayrel (1956) had derived an 
abundance H(He)/N(H) 'v 0.18, while on the other, Underhill (1951, 
1953a,b, 1954), Neven (1952, 1954) and Neven and de Jager (1954) had 
determined the much lower value of 0.05. (It should be mentioned that 
the lines of He II have also been used in some of these determinations.) 
Jugaku (1959) obtained the value N(He)/N(H) = 0.11 from six He I lines 
in T Sco (BO V) but was unwilling to place emphasis on his result 
because of uncertainties in the Stark broadening.
There were four further significant investigations of the helium 
abundance prior to the beginning of the present investigation.
Mihalas (1964) used the hydrogen and ionized-helium lines to determine 
helium abundances in 7 0 and early B stars. His result was 
N(He)/N(H) = 0.15 ± 0.05; however, as he lias pointed out, his method 
was relatively insensitive to helium abundance. Scholz (1967) applied 
the model atmosphere technique to x Sco in conjunction with the new
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th eo ry  o f  Griem e t  a l . Using only very  weak l in e s  o f n e u tra l  helium  
( to  o b v ia te  th e  problem of non-LTE e f f e c t s )  and th e  l in e s  o f  He I I  he 
ob ta ined  a va lue  N(He)/N(H) = 0.12 - 0 .13 . Hyland (1967) bypassed th e  
problem of non-LTE by in v e s t ig a t in g  helium  lin e  s tre n g th s  in  the  l a t e r  B 
s t a r s .  From th e  l in e  He I X4713 observed in  s e v e ra l s ta r s  in  two 
g a la c t ic  c lu s te r s  he de riv ed  an abundance N(He)/N(H) = 0 .105 . The 
f in a l  c o n tr ib u tio n  in  th i s  p e rio d  was th a t  o f  M esserschm idt, Scholz 
and Traving (1967) who dem onstrated fo r  th e  f i r s t  tim e th a t  th e  s tro n g  
d if fu s e  l i l ie s  could  be used fo r  abundance d e te rm in a tio n . Adopting th e  
Scholz (1967) model and helium  abundance o f x Sco they  were ab le  to  
apply th e  b roadening  th eo ry  o f Pfennig and T re f f tz  (1966) to  the wings 
o f  th ese  l in e s  to  e s ta b l i s h  e x c e lle n t  agreem ent between o b serv atio n  
and th e o ry .
In th i s  co n tex t i t  was thought a p p ro p ria te  th a t  the a v a ila b le  l in e -  
broadening th e o r ie s  (and th e  assum ption o f  LTE) should be te s te d  over 
th e  whole range o f B s t a r s .  As work p ro g ressed  the  new th e o r ie s  o f 
Griem (I960) and G ieske and Griem (1969) became a v a i la b le .  Since 
th e se  allow ed one to  compute f u l l  p r o f i le s  they  were in co rp o ra ted  in  
favour o f  the  P fe n n ig -T re ff tz  fo rm u la tio n . Paper IV p re s e n ts  th is  
in v e s t ig a t io n .  I t  i s  concerned to  determ ine which helium  l in e s  may 
be r e l i a b ly  used as abundance d e te rm in an ts  under th e  assum ption o f  LTE, 
and to  o b ta in  an e s tim a te  o f  th e  helium  abundance o f  th e  normal 
Popu la tion  I s t a r s .
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IV. THE SUBDWARF B STARS OF POPULATION II 
The group o f  sdB sta rs  has been defined by Sargent and Searle  
(1968) as fo llow s:
sdB - A sta r  which has co lors corresponding to  those o f a 
B sta r  and in which the Balmer lin e s  are abnormally broad 
for the color as compared to Population I main-sequence 
s ta r s . Such sta rs  may a lso  be recognized by the early  
confluence o f  the Balmer s e r ie s ,  which i s  only seen up to  
n - 12. Some, but not a l l ,  subdwarf B sta rs  have He I 
l in e s  that are weak for th e ir  c o lo r .1
Sargent and Searle (1968) a lso  pointed out th at the He I lin e s  
exh ib ited  the s in g le t - t r ip le t  anomaly observed in Population I sta rs  - 
to an extreme degree. They found that the r a t io  X4387/X4471 was 0.25  
in the sdB s ta rs  which may be compared to a value a, 0.66 in early  main- 
sequence B sta r s  o f  s im ila r  co lor  to  the subdwarfs.
Since the weak helium lin e s  found in the Bw sta rs  o f Population II 
are in terpreted  as being due to atmospheric or evolutionary e f fe c t s  
(Sargent and Searle 1967) i t  i s  obvious that the weak helium lin e  
strengths in  the sdB group should a lso  be in terp reted  with caution . 
Furthermore, the ex isten ce  o f  the s in g le t - t r ip le t  anomaly, in terpreted  
by some as evidence for departures from LTE in Population I s t a r s , 
suggests that the e f fe c t  may be atm ospheric. I t  i s  thus d esirab le  to 
determine whether the helium lin e  stren gths observed in sdB sta rs  are
Of the four sta rs  d iscussed  by Sargent and S ea r le , only one,
Feige 66, has helium lin e  strengths s im ila r  to those o f Population I 
main-sequence s ta r s  o f sim ilar  co lo r . Since the g r a v it ie s  o f  the sdB 
sta rs  are an order o f magnitude higher than in main-sequence stars  
(Sargent and Searle 1968) the helium lin e  strengths (which increase  
with gravity) in Feige 66 are weaker than would be expected i f  the star  
had Population I helium abundance.
g re a tly  a f fe c te d  by non-LTE, o r whether they  may be s a t i s f a c t o r i l y  
exp lained  w ith in  the  framework o f LIE.
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The d isco v e ry  by Newell o f the  10.2 mag sdB s t a r ,  HD 205805, 
(Sargent and S ea rle  1968) p re sen ted  th e  p o s s ib i l i t y  o f o b ta in in g  h ig h - 
d isp e rs io n  s p e c tra  o f such an o b je c t fo r  a d e ta i le d  a n a ly s is  o f  the 
helium  l in e  s tre n g th s . This a n a ly s is  i s  p re sen ted  in  Paper I I .
V. THE PECULIAR HELIUM LINE STARS OF POPULATION I 
As s ta te d  in  § I ,  the  e x is te n c e  o f  a sm all group of P opu la tion  I 
s ta r s  in  which the  helium l in e s  a re  abnorm ally weak (compared w ith  the 
normal s t a r s  o f s im ila r  c o lo r) g re a t ly  com plicates th e  problem of 
in te r p r e t in g  th e  helium l in e s  in  s t e l l a r  s p e c tr a .  The two sub-groups 
in  which apparen t helium  weakness has been e s ta b lis h e d  a re  th e  
S i A4200 s ta r s  and th e  r a th e r  amorphous group o f s ta r s  whose common 
p ro p e rty  i s  t h e i r  helium  w eakness. Throughout t h i s  work I s h a l l  
r e f e r  to  s t a r s  in  th e  second sub-group as w eak -h e liu m -lin e . This 
d e sig n a tio n  does no t s u f f e r  from th e  am biguity  p re s e n t in  th e  names 
’w eak-helium * or ’helium -w eak’ .
The Si X4200 s ta r s  have been the  s u b je c t o f  c o n sid e ra b le  
in v e s t ig a t io n  (S earle  and Sargen t 1964, 1967; Hyland 1967). Two 
im portan t co nclusions p e r t in e n t  to  the helium  l in e  s tre n g th s  have 
been e s ta b lis h e d :
i)  T heir atm ospheres a re  ap p a ren tly  helium  d e f ic ie n t  compared to  th e  
normal s t a r s  by a fa c to r  o f about 10. (Hyland 1967.) According to  
Hyland, th is  a tm ospheric  d e f ic ie n c y  i s  r e a l ,  w hile  th e  in te r io r s  have
10.
normal Population I composition. (This conclusion was reached from a 
consideration of stellar masses derived by three different methods.) 
ii) The region occupied by these stars in the (effective temperature, 
surface gravity)-plane is sharply bounded in effective temperature. 
(Searle and Sargent 1967). While the gravities may range from log g = 3 
to 4.5 the reciprocal effective temperature, 6 (»5040/T ), is found to
V  V
lie between 0.30 and 0.40.
The weak-helium-line stars, however, have not been documented in 
any detail. Those stars which have been classified weak-helium-line 
are listed in Table 1. These data have been taken essentially from the 
work of Jaschek, Jaschek and Amal (1969) and include the eight objects 
discovered by them in the first systematic search for such objects.
The first two columns of the table identify the star, the third gives 
the source of the identification and the final column gives the group 
of stars with which the star is associated. Since there is little 
quantitative information relating to the atmospheric parameters of this 
group several stars in Table 1 have been investigated in some detail. 
(These stars are indicated by an asterisk in column 2 of Table 1.)
Their analysis constitutes Paper V of the series, which seeks to 
determine if there is any relation between this group and the Si X4200 
stars, and to determine the region of the (0^, log g)-plane occupied
v
by the weak-helium-line stars.
The greatest puzzle regarding helium line strengths in the 
Population I stars is the helium spectrum variable a Cen (HD 125823) 
in which the neutral-helium lines exhibit a remarkable line-strength
1 1 .
TABLE 1
STARS THAT HAVE BEEN CLASSIFIED AS WEAK-HELIUM-LINE
Name HD A uthor Group
a  S c l 5737* Jugaku  and S a rg e n t (1961)
0 Hyi 1S4Ü0 J a s c h e k ,  J a sc h e k  and A m a l (1969)
21699 G a r r is o n  (1967) a P e r
20 E r i 22470 J a s c h e k ,  J a sc h e k  and A rn a l (1969)
22 E r i 22920 J a s c h e k , J a sc h e k  and A rn a l (1969)
20 Tau 23408 Huang and S tru v e  (1956)
28843 J a s c h e k , J a sc h e k  and A m a l (1969)
35298 Lee (1968) O rio n
36540 Lee (1968) O rion
36629* McNamara and L a rsso n  (1962) O rion
36919 G a r r is o n  (1967) O rion
i O ri B 37043* S le t t e b a k  (1963) O rio n
37058* S h a r p le s s  (1952) O rio n
37129* S h a r p le s s  (1952) O rion
37807* McNamara and L a rsso n  (1962) O rion
12 C Ma 49333 J a s c h e k ,  J a s c h e k  and A rn a l (1969) NGC 2287
74196 J a s c h e k ,  J a s c h e k  and A rna l (1969) IC 2391
36 Lyn 79158 S e a r le  and  S a rg e n t  (1964)
90264 J a s c h e k ,  J a s c h e k  and A rn a l (1969)
3 Cen A 120709* B idelm an (1960) Sco-Cen
3 Sco 142301* G a r r is o n  (1967) Sco-Cen
144334* G a r r is o n  (1967) Sco-Cen
144661* G a r r is o n  (1967) Sco-Cen
144844* G a r r is o n  (1967) Sco-Cen
145501 G a r r is o n  (1967) Sco-Cen
151346 G a r r is o n  (1967) Sco-Cen
162374* H yland (1967) NGC 6475
175156 G u th r ie  (1965) Sco-Cen
198513 Cow ley, C ow ley, J a s c h e k  and  J a sc h e k
(1969)
30 Cap 202671 J a s c h e k ,  J a s c h e k  and A rn a l (1969)
217833 C ow ley, C ow ley, J a sc h e k  and J a s c h e k
(1969)
* S t a r s  a n a ly s e d  in  P a p e r  V o f  th e  p r e s e n t  w ork .
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V a ria tio n  w ith an ij.8 day p e rio d . According to  B ertiau  (1958) a Cen 
is  a member o f  th e  S co rp iu s-C entaurus A sso c ia tio n . While the  helium  
l in e  s tre n g th s  vary  to  such an e x te n t th a t  the  s p e c tra l- ty p e  
c la s s i f i c a t io n s  range from B2 to  B9 (Jasch ek , Jasch ek , Morgan and 
S le tte b a k  1S68; Jaschek , Jaschek  and Kucewicz 1968) th e  au tho r 
(N orris  1968) has shown th a t  the  e f f e c t iv e  tem peratu re  and su rfa ce  
g ra v ity  o f th is  s t a r  remain alm ost c o n s ta n t. I t  i s  obvious th a t  th e  
phenomenon causing  such v a r ia t io n s  in  a s t a r  o f n e a r ly  co n stan t e f fe c t iv e  
tem peratu re  and g ra v ity  must be understood  i f  we a re  to  have 
confidence in  th e  abundances d e riv ed  fo r  the  normal s ta r s  o f Population  I . 
Paper VI of th i s  s e r ie s  p re se n ts  an in v e s t ig a t io n  o f the  observab le  
v a r ia t io n s  o f  th i s  s t a r  in  an e f f o r t  to  o b ta in  d a ta  which m ight 
ex p la in  th e  phenomenon - or a t  le a s t  m ight r e s t r i c t  th e  v a rio u s  
hypotheses which a re  proposed to  ex p la in  i t .
VI. OUTLINE OF THE PAPERS TO BE PRESENTED
The s e r ie s  o f papers i s  p re sen ted  in  th e  o rd e r in  which they 
have been p repared  fo r p u b lic a t io n .
Papers I - I I I  are  based on th e  broadening th e o r ie s  o f Griem e t  a l . 
(1962), Pfennig  and T re f f tz  (1966) and th e  a d ia b a tic  th eo ry  o f  T raving 
(1960) fo r  the  cores o f  th e  s tro n g  d if fu s e  l in e s .  These papers were 
completed b e fo re  the  work o f Griem (1968), Gieske and Griem (1969) and
2 A comparison o f th e  observed continuum and th e  p r o f i l e  o f the  hydrogen 
l in e  Hy w ith  th e  model atm osphere com putations o f M ihalas (1965) y ie ld s  
the param eters 0 = 0.25 ± 0 .1 , log  g = 4 .0  ± 0 .1 .
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Barnard e t  a l . (1969) became a v a ila b le . Paper I p re se n ts  n e u tra l-h e liu m  
l in e  p r o f i le s  fo r  a g r id  o f approxim ate u l t r a v io le t - l in e - b la n k e te d  
model a tm ospheres. These p r o f i l e s  a re  s u i ta b le  fo r  the in te r p r e ta t io n  
o f l in e  s tre n g th s  observed in  th e  f a in t  b lu e  s ta r s  o f  P opulation  I I .
The a p p lic a tio n  o f these  com putations to  the  subdwarf B s t a r ,
HD 20580b, is  given in  Paper I I .  The o b serv a tio n s  o f HD 205805 
comprise narrow-band continuum co lo rs  and h ig h -d is p e r s ion (10 A mm *) 
im age-tube s p e c tra , in  Paper I I I  th e  com putations are  used to  
in v e s t ig a te  th e  s i n g l e t - t r i p l e t  anomaly o f  P opu la tion  I s t a r s .
For th i s  work th e  observed helium  l in e  s tre n g th s  o f  30 s ta r s  have been 
taken from th e  l i t e r a t u r e .  Papers I and I I  re p re se n t th e  jo in t  work 
o f  P ro fe sso r Bodo Baschek and th e  a u th o r .
Paper IV p re se n ts  th e  a n a ly s is  o f th e  helium  l in e  s tre n g th s  o f  
14 normal P opu la tion  I s ta r s  in  th e  s p e c tr a l  range B0-B8. The 
o b se rv a tio n a l d a ta  c o n s is t  o f high d isp e rs io n  (6 .7 , 10 A mm *) 
pho tograph ic  sp e c tra  in  th e  wavelength in te r v a l  XX4000-6700 and 
p h o to e le c tr ic  continuum measures in  th e  range XX3400-5600. The 
helium  l in e  s tre n g th s  a re  in te rp re te d  in  term s o f  th e  newly a v a ila b le  
broadening th e o r ie s  o f Griem (1968) and G ieske and Griem (1969) in  
con ju n ctio n  w ith  the  o ld e r  theo ry  o f Griem e t a l . (1962)
Papers V and VI a re  the  in v e s t ig a t io n s  o f  th e  w eak-helium -line 
s ta r s  and th e  helium  spectrum  v a r ia b le  Cen re s p e c t iv e ly .  The 
o b se rv a tio n a l and com putational p rocedures a re  b a s ic a l ly  th e  same as 
fo r  the  a n a ly s is  o f th e  14 normal s t a r s .
14.
At the conclusion of the presentation a short summary is given 
of tne major conclusions derived throughout the papers.
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NEUTRAL-HELIUM LINE STRENGTHS. I.
LINE PROFILES FOR A GRID OF APPROXIMATE LINE-BLANKETED
MODEL ATMOSPHERES
JOHN NORRIS AND BODO BASCHEK
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ABSTRACT
Line profiles of neutral helium are presented for a grid of 
approximate line-blanketed model atmospheres. The isolated lines are 
computed with the line-broadening theory of Griem, Baranger, Kolb, and 
Oertel. The wings (long-wavelength halves) of the strong lines of the 
2P-nD series are obtained from the quasi-static theory of Pfennig and 
Trefftz; the cores are computed from an adiabatic-impact treatment 
following Traving.
I . INTRODUCTION
It has been suggested that imperfections in the theory of model 
atmospheres preclude the use of neutral-helium line strengths for a 
satisfactory determination of the helium abundance of stellar 
atmospheres. There are two main phenomena which have led to this 
conclusion:
i) The observation of 'anomalous' line strengths of neutral helium 
in the normal stars of Population I. In particular, the diffuse 
singlet lines behave quite differently from those of the triplet series 
as a function of spectral type. This is the singlet-triplet anomaly 
of Struve (1928, 1931). Sargent and Searle (1968) have shown that a 
similar anomaly exists in the B-type subdwarfs of Population II. 
Furthermore, Underhill (1968) has argued that the observed strengths 
of some lines (in particular, ÄA5875 and 6678) deviate significantly 
from lines computed from an approximate line-broadening theory on the 
assumption of LT£.
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i i )  The observa tion  of extremely p e c u l i a r  helium l in e  s t r e n g th s  in  
Popula tion  I s t a r s  such as i Ori B* (S le t teb a k  1963), a Scl (Jugaku 
and Sargent 1961), 3 Cen A (Bideiman 1960) , a Cen (Bidelman 1965) and 
some B-type s t a r s  in  Scorpius (Garrison 1967) .
In the  p re se n t  s e r i e s  o f  p ap e rs ,  we in te n d  to  in v e s t ig a te  th ese  
ob se rv a tio n s  . At p resen t  we have considered  the  observed helium l in e  
s t re n g th s  in  th e  sdß s t a r s  o f  Population  I I  (Baschek and N orris  1970; 
h e r e i n a f t e r  r e f e r r e d  to  as Paper I I )  and the  observed s i n g l e t - t r i p l e t  
anomaly o f  P opula tion  I s t a r s  (N orris  1970; h e r e in a f t e r  r e f e r r e d  to  as 
Paper I I I )  . We have been ab le  to  ex p la in  th e se  o b se rv a tio n s  f u l l y  
w ith in  the  framework o f LIE. In  the  f u tu r e ,  we hope to  in v e s t ig a te  the  
use of observed helium l in e  s t re n g th s  to  determ ine a tm ospheric  helium 
abundances and tne p e c u l ia r  h e l iu m -l in e  s t a r s  o f  Popula tion  I .
For Papers I I  and I I I  we have used the a v a i la b le  l in e -b ro ad en in g
th e o r ie s  of n e u t ra l  helium (Traving 1960; Griem e t  a l . 1962; Pfennig 
2and T r e f f t z  1966) to  compute helium l in e  p r o f i l e s  fo r  a g r id  of 
approximate l in e -b la n k e te d  model atmospheres assuming LTE. These p r o f i l e s  
are s u i t a b l e  fo r  the  i n t e r p r e t a t i o n  o f  observed helium l in e  s t r e n g th s  in
 ^ From an examination o f s e v e ra l  s p e c t ra  (d isp e rs io n s  o f  6 .7  and 10 A 
mm"*), we are  no t convinced th a t  the o th e r  s o -c a l le d  w eak-helium -line 
s t a r s  in  the Orion I a s s o c ia t i o n ,  HD 36629, 37058, 37129 and 37807 
(S harp less  1952; McNamara and Larsson 1962) have abnormal helium l in e  
s t r e n g t h s .
2 A fte r  completion o f  our com putations, the  re c e n t  work o f  Griem (1968), 
Gieske and Griem (1969) and Barnard, Cooper and Shamey (1969) f o r  the  
l in e s  AA4009, 4026, 4143, 4387, 4471 and 4921 became a v a i la b le  to  u s .
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the  f a in t  b lue s ta r s  which are  l i t t l e  understood a t  p re se n t ( e .g . ,  the 
subdwarf 0 and B s t a r s ) . For th is  re a so n , we have thought i t  d e s ira b le  
to  p re se n t them fo r  g en era l u se . These p ro f i le s  a re  rounded to  0 .01 in  
th e  re s id u a l i n te n s i ty .  We have done th is  to  emphasize th a t  our 
com putations invo lve  s e v e ra l approx im ations. These s im p lify in g  
assum ptions a re  c le a r ly  s ta te d  in  the  ensuing  s e c t io n s .  G reater accuracy 
is  g e n e ra lly  no t n ecessary  in  the  in te r p r e ta t io n  o f th e  o b serv a tio n s  
o f th e se  f a in t  o b je c ts .
In  § II  we d esc rib e  the  techn iques employed in  producing th e  g rid  
of model a tm ospheres. The a p p lic a tio n  o f  the  th e o r ie s  of nelium  l in e  
broadening i s  o u tlin e d  in  § I I I .  Since we a re  u s in g  techn iques which 
a re  adequate ly  d esc rib ed  elsew here ( e . g . ,  M ihalas 1965), we have no t 
h e s i ta te d  to  give only a b r i e f  d e s c r ip t io n  to  avoid unnecessary  
d u p lic a t io n . We have a lso  computed p r o f i le s  o f th e  hydrogen l in e  Hy and 
continuum m agnitudes fo r  th e  models used . These a re  inc luded  fo r  
d ia g n o s tic  purposes a lo n e , i . e . ,  to  p rov ide  a means o f e s tim a tin g  
e f f e c t iv e  tem peratu re  and su rfa c e  g ra v ity .
I I .  THE MODEL ATMOSPHERES
For th e  su rfa c e  g ra v ity  log g = 4, Morton and h is  co-workers 
(M ihalas and Morton 1965; Adams and Morton 1968; Hickok and Morton 
1968) and M ihalas (1966) have computed model atm ospheres fo r  the e a r ly -  
type s ta r s  which in c lu d e  the  e f f e c t  o f the  hydrogen l in e s  and the  m etal 
l in e s  in  th e  u l t r a v i o l e t  re g io n . The b a s ic  assum ption in  forming our 
g r id  o f  models is  th a t  the  r e l a t io n  T(t) between tem peratu re  and
optical depth is independent of gravity. Beginning with T(x) for the 
(log g = 4)-models, we have integrated the hydrostatic equilibrium 
equation to obtain the relation between electron pressure and optical 
depth at log g = 4, 5 and 6. We have further assumed that the relation 
dP^/diCx) between the radiation-pressure gradient and the optical depth 
is independent of gravity. In this manner we have constructed models at 
the above gravities and having reciprocal effective temperatures 
0e(=SO4O/Te) = 0.1346, 0.176, 0.230, 0.300 and 0.400. For Q q = 0.400, 
Mihalas (1966) did not publish dPr/dx(x). Since the radiation-pressure 
gradient is relatively unimportant at this temperature, we have used the 
relation published for the corresponding unblanketed model (Mihalas 1965) . 
We have also constructed models at 8^ = 0.300 and 0.400 for log g = 3 
and at 9 i = 0.230 for log g = 3.5.
The atmospheric structures are given in Appendix I. For the models 
at 0^ = 0.400, the standard wavelength is X5050. All other models have 
^std = A. helium abundance for all models is N(He)/N(H) = 0.15.
At log g = 4, the models we compute are in excellent agreement with those 
published. This provides a check on the integration procedure and the 
opacity subroutine. The procedure for the integration of the 
hydrostatic equilibrium equation has been described by Newell (1969); 
the opacity sources are hydrogen, helium (neutral and ionized), 
negative hydrogen ion, U ^ + and electron and neutral-hydrogen scattering.
The assumption that T(x) is independent of gravity can be checked 
over the logarithmic gravity ranges 3.5-4 and 7-9 by comparison with 
published models. At 8^ = 0.1346 and 0.176, a comparison of the models
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of Hickok and Morton (1968) with those of Bradley and Morton (1969) 
shows that the assumption is relatively poor at gravities lower than 
log g = 4; at the high gravities, the hydrogen-line-bianketed models 
of Terashita and Matsushima (1969) show that the assumption is good. 
Newell (private communication) has computed models at log g = 7 by 
using the assumptions and procedures described here. A comparison of 
these models with those of Terashitaand Matsushima (1969) shows that 
Newell's models are slightly hotter (0 <, A0e < 0.01). This difference 
is explained in part by the fact that Terashita and Matsushima have 
not included any metal-line blanketing in their models. This small 
difference leads us to believe that the approximations we have made 
are sufficient for our purposes.
III. THE HELIUM LINE PROFILES
a) The Strong Lines of the 2P-nD Series: AX4009, 4026, 4143,
4387, 4471 and 4921
For the wings of these lines, we use the quasi-static theory of 
Pfennig and Trefftz (1966) . The line absorption coefficient is 
proportional to
W(Ek/E )
W V —E—
The shifts Av in wave-number units and the relative intensities L as
functions of the field strength E for the components k contributing 
to the line are tabulated by Pfennig and Trefftz (1965) . For our 
purposes, it suffices to group together several components and
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approximate Av(E) by a linear relation for a restricted range of A v t
3
Furthermore, we neglect the fine-structure splitting of the 2 P level 
and the correlation between charged perturbers; i.e., we assume W(E/Eq) 
to be the simple Holtsmark function. According to Messerschmidt,
Scholz, and Traving (1967), both ions and electrons contribute to the 
normal field strength E^. Folding with the thermo! Doppler profile 
was neglected for the wings.
In the core, the broadening can be described by a dispersion profile 
of half half-width w (wavelength units) . The line absorption coefficient 
is then proportional to the Voigt function H(w/AA^, AA/AA^), where AAQ 
is the Doppler width.
There is yet no satisfactory theory available for w, which includes
3
nonadiabatic collisions cf the electrons. Following Traving (1960), we 
use a modified impact theory taking into account the transition between 
quadratic and linear Stark effect by an interpolation formula under the 
assumption of adiabatic collisions. Then we can express the impact 
half haIf-width by
w = w
r N i
- e ' T
1/6
in14(10 cm J 20000°K
a (u ) + 0.3a o (1)
2/3An estimate of the adiabatic electron-impact half half-width w q « C 
for quadratic Stark effect is obtained by averaging the curves Av(E) 
given by Pfennig and Trefftz (1965) over the individual components of
For the lines AA4471 and 4921, the nonadiabatic theory of Barnard 
et al. (1969) yields impact widths larger by a factor of 1.5-2.0 than 
our adiabatic estimates for the range of electron densities considered 
here.
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the  l in e  in  th e  core and determ in ing  the in te r a c t io n  co n stan t C a fiv/E .
The param eter uq a C/v d e sc rib e s  the r e l a t iv e  im portance o f l in e a r  and
q u a d ra tic  S ta rk  e f f e c t  fo r  the broadening o f  the  l in e ;  in c re a s in g
corresponds to  in c re a s in g  in flu en c e  o f the  q u a d ra tic  S ta rk  e f f e c t .  For
1/3pure q u a d ra tic  S tark  e f f e c t ,  w * v , so th a t  e le c tro n s  dominate due
to  t h e i r  h ig h e r r e la t iv e  v e lo c i t i e s ,  whereas fo r  pure l in e a r  S ta rk
e f f e c t ,  the  ions dominate because w « v In  th e  case o f the
t r a n s i t io n  between l in e a r  and q u a d ra tic  S ta rk  e f f e c t ,  the  b roadening
o f  both  e le c tro n s  and ions has to  be taken  in to  accoun t. The param eter
uq fo r  ions i s  la rg e r  by a f a c to r  v^/v^ than th a t  fo r  e le c t ro n s .  The
c o l l i s io n a l  c ro s s -s e c tio n s  a are  ta b u la te d  by Traving (1960; th e re
denoted by o  , /o  )  . The f a c to r  o f w in  b ra c k e ts  i s  ty p ic a l ly
1 r ,u 0  r , 00 / r
between 0.25 and 1 .0 . Values o f wq a re  given in  Table 1.
TABLE 1
ADIABATIC IMPACT HALF HALF-WIDTHS w * FORo
ELECTRONS FOR AN ELECTRON DENSITY
N = 10l4 cm"3 AND TEMPERATURE T = 20000°K e
S in g le ts w0 T r ip le ts w0
A4921 49 A4471 35
4387 145 4026 91
4143 260
4009 490
* In  mi H i  angstrom s.
The e s s e n t ia l  u n c e r ta in ty  in  t r e a t in g  the cores accord ing  to  
eq u ation  (1) i s  the  assum ption o f a d ia b a t i c i t y . We should no t expect
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the adiabatic-impact widths to be more accurately determined than 
within a factor of 2.
b) The (Weaker) Isolated Lines: AA412Q, 4457, 4715,
5015, 5047, 5875 and 6678
Griern et al. (1962) have shown that the isolated lines may be 
described by shifted symmetric dispersion profiles for moderate 
electron densities. They tabulate, for a range of temperatures, the 
impact half half-width for electrons, w q, and the parameters a and a 
which characterize the ion broadening (their Table 1). They also give 
the dependence of these parameters on electron density. The condition 
that the line profiles be represented as dispersion profiles is that 
ot and a be smaller than certain values given in their Table 3. At the 
depth of line formation in all our models, the lines considered here 
satisfy these conditions. (It is only in the deeper layers that they 
are not met.) Then the impact half half-width is given by
w = wq(1 + 1.360^^0 ^^) . (2)
Griern et al. (1962) also give the shift, d, of the profile. We have not 
incorporated this in our computations. Then, as for the cores of the 
strong lines, the line absorption coefficient is proportional to the 
Voigt function. (For completeness, we note that we have included the 
effect of radiation damping by adding the half half-width for radiation 
damping to that of the Stark broadening.)
Microturbulence has not been included in our computations. We have 
also neglected the fine-structure splitting of the lower level of the
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triplets. Since this splitting leads to two components separated by 
^0.2 A and having relative intensities 8:1, this will not greatly affect 
our results. The oscillator strengths are taken from the work of Green, 
Jonnson, and Kolchin (1966) .
Our remaining simplifying assumption is that the source function is 
adequately represented by the Planck function. This is perhaps the most 
serious approximation we have made. It will, however, be less important 
for stars of higher gravity (subdwarfs) and should not greatly affect 
conclusions based on line ratios (singlet-triplet anomaly).
Our profiles are tabulated in Appendix II. They are given for the 
three helium abundances N(He)/N(H) = 0.015, 0.050 and 0.150. Since the 
atmospheric structure is relatively insensitive to helium abundance 
(Mihalas 1965), our procedure of using model atmospheres computed for 
one helium abundance will not lead to significant errors. For the 
strong lines, the points at 0.0 and 0.3 A were computed by using the 
core approximation, while the remainder of the profile is based on the 
Pfennig-Trefftz theory. Only the long-wavelength half of each profile 
has been computed. In joining the two sections - as in the use of the 
profiles - we should give the most weight to the wings. For the 
isolated lines, the equivalent widths were obtained from up to twenty 
computed points (depending on the line width). In the tabulated 
profiles, a blank signifies that the residual intensity is greater than 
0.99. The lines with 0^ < 0.23 and log g = 3.5 were computed by using 
the models of Bradley and Morton (1969) .
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IV. CONCLUSION
In th e  a n a ly s is  o f  s t e l l a r  helium  l in e  s t r e n g th s ,  i t  i s  n ecessa ry  
to  have some independent means o f determ in ing  e f f e c t iv e  tem peratu re  and 
g ra v i ty .  For th is  reaso n , we have given in  Appendix I I I  continuum 
measures and p r o f i le s  o f the  hydrogen l in e  Hy fo r  the  models we have 
used . The helium  abundance is  N(He)/N(H) = 0 .150 . The continuum 
m easures are  norm alized a r b i t r a r i l y  to  A3535. There is  good agreement 
between th e  p re se n t r e s u l t s  and the  flu x es  computed fo r  the (log  g = 3.5 
and 4 .0 )-m odels o f Morton and h is  co-workers (B radley and Morton 1969; 
Morton [p r iv a te  com m unication]). In computing the hydrogen l in e ,  we 
have employed the  lin e -b ro a d e n in g  th eo ry  o f  Edmonds, S c h lü te r  and Wells 
(1967). This procedure was programmed by Newell; he has found (p r iv a te  
communication) th a t  th e  l in e  s tre n g th s  he computes a re  in  accord  w ith  
those o b ta ined  by P e te rson  and Strom (1969) .
We have used the  m a te r ia l p re sen ted  in  Appendices II  and I I I  
to g e th e r  w ith  th e  d a ta  o f  A lle r  (1956), A lle r  and Jugaku (1958) and 
Bahner (1963) to  analyze th e  P opu la tion  I s t a r  y Peg. From te n  l in e s ,  
we d e riv e  a helium  abundance N(He)/N(H) = Ü.11 ± 0.01 (Table 3 o f 
Paper I I ) . (The e r ro r  i s  the  s tan d a rd  e r r o r  o f  the  mean and does n o t 
in c lu d e  th e  e f f e c t  o f e r ro rs  in  the  determ ined e f f e c t iv e  tem peratu re  
and su rfa ce  g ra v i ty .)  This v a lu e  is  in  good agreem ent w ith  o th e r re c e n t 
d e te rm in a tio n s  o f  the a tm ospheric  helium  abundance o f  the  B s ta r s  
(Scholz 1967; M esserschm idt e t  a l ♦ 1967; Hyland 1967; Shipman and 
Strom 1970). In Table 2 we have compiled the m a te ria l upon which 
th e se  d e te rm in a tio n s  o f  helium  abundance have been based . Column (1)
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TABLE 2
NEUTRAL-HELIUM LINES EMPLOYED IN RECENT DETERMINATIONS 
OF ATMOSPHERIC HELIUM ABUNDANCES
Source
(1)
N(He)/N(H) 
(2)
Spectral Type 
(3)
n
(4)
Lines Used 
(5)
Scholz (1967) 
Messerschmidt et al.
0.12-0.13 B0 V 1 3447, 4437, 4168
(1967) 0.13 B0 V 1 3643, 4009, 4026, 
4143, 4387, 4471
Hyland (1967) 
Shipman and Strom
0.10 B3-B7 10* 4713
(1970)
Baschek and Norris
0.10 B3-B7 8* 4471
(1970) 0.11 B2 IV 1 4009, 4026, 4120, 
4143, 4387, 4437 
4471, 4713, 5015. 
5047
* We have omitted the high values found for the (BO V)-star HD 93030.
gives the investigator, (2) the derived abundance, (3) the spectral 
type of the objects analyzed, (4) the number of objects, and (5) the 
helium lines employed. In the previous investigations, only selected 
helium lines have been employed, and not all lines that are both 
observable and amenable to computation have been investigated. Since 
Underhill (1968) has claimed that not all lines yield reliable 
determinations of the helium abundance, it would be premature to 
conclude from Table 2 that there is satisfactory agreement between 
observation and line strengths determined on the assumption of LTE 
and the currently available broadening theories. Although Underhill’s 
statement is based on only an approximate broadening theory, it is 
important to note that Scholz too, obtained peculiar abundances for the
2 9 .
s t ro n g e r  i s o l a t e d  n e u tra l  helium l in e s  in  x Sco. F u r th e r  in v e s t ig a t i o n  
i s  necessary  to  e lu c id a te  th is  problem. In view, however, o f  the  success 
we have had iü  i n te r p r e t in g  the  observed helium  l in e  s t re n g th s  both in  
y Peg and in  the  sdB HD 205895 (Paper I I ) , we f e e l  th a t  the  p re sen t  
computations provide  a r e l i a b l e  s t a r t i n g  p o in t  f o r  the  in v e s t ig a t io n  o f  
helium l in e  s t re n g th s  in  the l i t t l e - u n d e r s to o d  f a i n t  b lue s t a r s .
We wish to  express our thanks to  Dr. Leonard S e a r le ,  who s t im u la ted  
our i n t e r e s t  in  the p re se n t  problem and who suggested  th a t  we p re sen t  
the  computed p r o f i l e s .  Dr. E.B. Newell has k in d ly  made a v a i la b le  h is  
procedures fo r  the in te g r a t io n  o f  the  h y d r o s ta t ic  eq u il ib r iu m  equation 
and the hydrogen l in e  o p a c i ty .  The computations were made w ith the  IBM 
360/50 o f the  Computer Centre of the  A u s t ra l ia n  N ational U n iv e rs i ty .
One o f  us (JN) wishes to  express h is  a p p re c ia t io n  of the  generous 
a s s i s ta n c e  o f  the  s t a f f  o f  the  Computer C en tre .  This work was begun 
while Dr. Baschck was a V is i t in g  Fellow a t  the  A u s t ra l ia n  N ational 
U n iv e rs i ty .  He wishes to  thank P ro fe sso r  0 . J . Eggen fo r  h is  
h o s p i t a l i t y .  Mr. N orris  g r a t e f u l ly  acknowledges the  a s s i s ta n c e  o f  a 
General Motors Holden Postg raduate  Fellowship and an A u s tra l ian  N ational 
U n iv e rs i ty  Research S ch o la rsh ip .
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APPENDI X I I  
HELI UM L I N E  PROFI LES
X4009
6
e l o g  g
N ( H e ) / N ( H)
r ( a x )
\ 0 . 0 0 . 1 0 . 2 0 . 5 1 . 0 2 . 0 k . O  k
.  135 3 . 5 . 1 5 0 . 9 5 . 9 ß
. 0 5 0 • 98 . 9 9
. 0 1 5 . 9 9
6 . 0 . 1 5 0 . 9 3 . 9 7 . 9 9
. 0 5 0 . 9 7 . 9 9
• o l 5 . 9 9
5 . 0 . 1 5 0 . 9 6 . 9 5 . 9 7 . 9 8 . 9 9
.  0 5u . 9 8 . 9 8 . 9 9
. 0 1 5 . 9 9
6 . 0 . 1 5 0 . 9 7 . 9 8 . 9 8 . 9 9
• U50 . 9 9
. 0 1 5
• 176 3 . 5 . 1 5 0 • 72 . 8 6 . 9 3 • 98
. 0 5 0 . 8 2 . 9 3 . 9 7 . 9 9
. 0 1 5 . 9 2 . 9 7 . 9 9
6 . 0 . 1 5 0 . 7 1 . 8 1 . 8 9 . 9 5 . 9 9
. 0 5 0 . 8 3 . 9 0 . 9 5 . 9 8
. 0 1 5 . 9 3 . 9 6 . 9 8 • 99
5 . 0 . 1 5 0 . 8 0 . 8 6 . 8 9 . 9 2 . 9 6 . 9 8
• U5U . 9 1 . 9 3 . 9 5 . 9 7 . 9 9
. 0 1 5 . 9 7 . 9 8 . 9 9
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NEUTRAL-HEHUM LINE STRENGTHS. II.
THE B-TYPE SUBDWARF HD 205805
BODO BASCHEK AND JOHN NORRIS
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ABSTRACT
S pec tra  and continuum co lo rs  have been ob ta ined  fo r  the  B-type 
subdwarf HD 205805. On the  assumption o f  LTE, an a n a ly s is  o f  the 
helium l in e  s t r e n g th s  leads to  the  conclusion  th a t  the  atmospheric 
helium abundance o f  HD 205805 i s  sm alle r  by a f a c to r  o f  10 than  th a t  
of the  Population  I s t a r  y Peg. The helium s i n g l e t - t r i p l e t  anomaly is  
exp lained  by both the  h igher  g ra v i ty  and th e  lower helium abundance 
of the subdwarf. There i s  no evidence f o r  d ep a r tu re s  from LTE.
An a n a ly s i s ,  u s ing  the d a ta  of Sargent and S e a r le ,  o f  th ree  o th e r  
sdB s t a r s ,  Feige 11, 36 and 65, shows th a t  the  helium d e f ic ien cy  is  a 
common p ro p e rty  o f  these  s t a r s .  Compared with HD 205805, Feige 11 
and 65 a re  d e f i c i e n t  by a f a c to r  of 4. Feige 36 has an abundance 
s im i la r  to  t h a t  of HD 205805.
I . INTRODUCTION
In a re c e n t  d e s c r ip t io n  o f  fou r sdB s t a r s ,  Sargent and S ea r le  (1968) 
have shown th a t  the  n e u tra l-h e liu m  l in e  s t r e n g th s  have two d i s t i n c t i v e  
f e a tu re s :  they are  sometimes weak compared with those  in  Population I 
s t a r s  o f  the  same c o lo r ,  and the  s i n g l e t - t r i p l e t  r a t i o  X4387/X4471 has 
the  low value  o f  0 .25 . For Popula tion  I o b je c t s ,  t h i s  r a t i o  i s  about 
0 .4  in  the  l a t e  B-type s t a r s ,  in c re a se s  to  a maximum of 0.85 a t  
s p e c t r a l  type B2-3, and f a l l s  to  0 .3  in  the  0 s t a r s .  This i s  the 
s i n g l e t - t r i p l e t  anomaly f i r s t  desc ribed  by Struve (1928) . I t  i s  the 
purpose o f  the  p re se n t  work to  examine the  s ig n i f ic a n c e  o f  these  two 
p ro p e r t ie s  of the  subdw arfs .
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The 10.2-mag subdwarf HD 205805, r e c e n t ly  d iscovered  by Newell 
(Sargent and S ea r le  1968) , provides an e x c e l le n t  opportun ity  to  ob ta in  
h ig h - d i s p e r s ion s p e c t ra  fo r  comparison with model-atmosphere 
computations employing l in e -b roaden ing  th e o r ie s  fo r  n e u tra l  helium 
(Griem, Baranger, Kolb and O e r te l  1962; Pfennig and T r e f f tz  1966).
In a l l  r e s p e c t s ,  HD 205805 s a t i s f i e s  the  c r i t e r i a  f o r  membership in  
the c la s s  o f  subdwarf B s t a r s .  I t s  co lo rs  (U - B = -0 .9 5 ,  B - V = -0.21) 
are  s im i la r  to  those o f  the  sdB s t a r s  desc ribed  by Sargen t and S e a r le  
(1968), while  i t  has s trong  hydrogen and weak helium l in e s  ( f o r  these  
c o lo r s ) .  (The Henry Draper c l a s s i f i c a t i o n  i s  B9.) There are  no l in e s  
of He I I .  In § VI, i t  w i l l  be shown th a t  i t s  space motions in d ic a te  a 
Population I I  o b je c t .
Our procedure w i l l  be to  compare HD 205805 with th e  B2 IV s t a r  y 
Peg. We p re se n t  our o b se rv a t io n a l  m a te r ia l  in  § I I ,  while in § I I I  
we use t h i s  d a ta ,  to g e th e r  w ith  model-atmosphere com putations, to 
de riv e  the atm ospheric  param eters  - e f f e c t iv e  tem pera tu re , su rface  
g ra v i ty ,  and helium abundance - fo r  the  two s t a r s .  In § IV, we give a 
q u a l i t a t i v e  e x p lan a tio n  o f  the  s i n g l e t - t r i p l e t  anomaly f o r  the  subdwarfs. 
The atmospheric helium abundance of th re e  o th e r  subdwarfs, Feige 11, 36 
and 65, is  determined in  § VI.
I I .  OBSERVATIONS
The o b se rv a t io n a l  m a te r ia l  c o n s is t s  o f  s p e c t r a  and continuum 
co lo rs  ob ta ined  a t  Mount Stromlo and S id ing  Spring O bserva to ries  
during 1966-1968.
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a) S p ec tra
The s p e c tra  were ob ta ined  by u sin g  an image tube a tta ch e d  to  the  
32-inch camera o f the  coudd sp ec tro g rap h  o f the  74-inch te le s c o p e . The 
image tube was on loan from th e  Department o f T e r r e s t r i a l  Magnetism o f 
th e  C arnegie I n s t i t u t i o n  o f W ashington. Four s p e c tra  o f HD 205805 
were taken  on baked I I a -0  em ulsion and were cen te red  a t  XX3950, 4200 
and 4500 (g ra tin g  B, second o rd e r) and a t  X5000 (B, f i r s t  o rd e r ) .  Each 
spectrum  was widened to  0.57inn on th e  p la te ,  and th e  u sab le  leng th  was 
about 30mm. The p ro je c te d  s l i t  w idth on th e  p la te  was 50 y, corresponding 
to  0 .5  A in  the  second o rd e r . Exposure times ranged from 2 to  2h h o u rs . 
The c a l ib r a t io n  was based on l in e a r  wedges exposed on the  same p la te s .
By using  square windows, i t  was p o s s ib le  to  c o rre c t fo r  th e  f i e ld  
d is to r t io n  o f the  image tu b e .
In  a d d it io n , two b lue  s p e c tra  o f  HD 205305 th a t were taken  w ith 
the n eb u lar spec trog raph  a t  Mount Strom lo w ith  a d isp e rs io n  o f  53 A mm 
were k in d ly  p u t a t our d isp o sa l by L. S e a r le .
In Table 1, we give our measurement o f the Balmer lin e s  in  
HD 205805. D(r) i s  the  t o t a l  w idth  in  A c f  the  l in e  a t  a dep ress io n  
o f r  p e rc en t o f  the continuum measured from tra c in g s  o f th e  im age-tube 
s p e c tra .  The f i n i t e  in s tru m e n ta l p r o f i l e  does no t a f f e c t  th e  w idths 
s ig n i f ic a n t ly .  A few observed p r o f i l e s  o f  s tro n g  n e u tra l-h e liu m  l in e s ,  
u n co rrec ted  fo r  in s tru m e n ta l b roaden ing , a re  shown in  F igure 2 
to g e th e r w ith  computed p r o f i l e s .  The measured e q u iv a len t w idths in  
mA (rounded to  5 mA) fo r  l in e s  in  th e  w avelength range covered by the
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TABLE 1
MEASURED BALMER LINE PROFILES IN 
HD 205805 AND y PEGASI
Line Profile HD 205805 Y Peg
Hy D(10) 22.2±2 12.1+2 (14.7)
D(20) 12.1 6.7 ( 8.9)
D(30) 6 .6 3.4 ( 5.0)
HB D (10) 17.4+2 12.1+2
D (20) 9.5 6.1
D(30) 5.0 2.9
image-tube plates are given in Table 2. A dagger indicates that 
the line is not detectable on the tracings.
To test the reliability of our measurements, spectra were obtained 
of y Peg with settings identical to those used for HD 205805. A 
comparison with published material from high-dispersion spectra (Aller 
1956; Aller and Jugaku 1958) shows that only lines with equivalent widths 
W * 50 mA are detectable on our image-tube spectra and that only those 
with W £ 100 mA can be measured with reasonable accuracy. Depressions 
of less than 5 percent of the continuum are uncertain, since the 
instrumental profile has a total half-width of about 1 A (second order). 
Tables 1 and 2 include the data for y Peg as measured on the image-tube 
spectra (an asterisk indicates that the line has not been measured); in 
parentheses, we give the measurements of Aller and Jugaku. Generally, 
we do not find any systematic differences in equivalent widths and 
profiles measured on image-tube spectra and ordinary spectra.
TABLE 2
EQUIVALENT WIDTHS (mA) FOR 
HD 205805 AND y PEGASI
Element and 
X (A) HD 205805 Y Peg
He I:
4009 £ 80 * ( 655)x
4026 670 1120 (1320)
4120 t 360 ( 300)
4143 £280 720 ( 870)
4168(B1 Oil) t 150 ( 97)
4387 170 1010 ( 815)
4437 t 180 ( 125)
4471 730 1530 (1280)
4713 190 270 ( 240)
4921 645 1100 ( 790)
5015 210 230 ( 290)
5047 105 * ( 190)
C II:
4267 175 280 ( 206)
N II:
3995 70 * ( 75)
Mg II:
4481 t 125 ( 160)
Si III:
4552 70 150 ( US)
* Not measured by us.
x See text for explanation of figures in 
parentheses.
f Not detectable on the tracings.
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b) Colors
We have narrow-band colors of Hi) 205805 as well as the broad-band 
(UBV) colors. The narrow-band system is that of Newell and has been 
described elsewhere (Newell, Rodgers and Searle 1969). (We note, 
however, that in the present work the absolute scale of Hayes [1967] 
has been adopted. This differs only slightly from the scale suggested 
by Bessell [1967] and used by Newell et al.) The effective wavelengths 
of Newell’s filters are AÄ3535, 4272 and 5305. Two narrow-band 
observations by Newell give m(3535) - m(4272) = -0.01 ± 0.02, 
m(4272) - m(S30S) = -0.37 ± 0.02.
For y Peg, we have used the continuum measures of Bahner (1963) 
to obtain narrow-band colors on the Hayes system. We find m(3535) - 
m(4272) = 0.13 ± 0.02, m(4272) - m(5305) = -0.36 ± 0.02.
III. THE ATMOSPHERIC PARAMETERS 6 , LOG g, AND N(He)/N(H)e
We have compared the data in § II with narrow-band colors and line 
profiles for hydrogen and helium computed for a set of approximate 
line-blanketed model atmospheres. These models are described in detail 
elsewhere (Norris and Baschek 1970; hereinafter referred to as Paper I). 
They are based on the assumption that for a given effective temperature 
the relation T(x) between temperature and optical depth is independent 
of gravity. We begin with T(t) for the main-sequence line-blanketed 
models of Morton and his co-workers (Mihalas and Morton 1965; Adams and 
Morton 1968; Hickok and Morton 1968) and of Mihalas (1966) and construct 
models at other gravities by integrating the hydrostatic equilibrium
5 5 .
equation  to  o b ta in  th e  r e la t io n  between p re s su re  and o p t ic a l  dep th .
The com putations are  c a r r ie d  out fo r  only  one helium  abundance 
(N(He)/N(H) = 0 .1 5 ) , bu t only sm all changes w i l l  r e s u l t  should  the  
abundance be d i f f e r e n t  (s e e , e . g . ,  M ihalas 1965).
The theory  o f  hydrogen l in e  broadening i s  th a t  o f  Edmonds,
S c h lü te r  and Wells (1967). P ro f i le s  have been computed fo r  Hy;
E.B. Newell has made a v a ila b le  h is  com putations o f  H8. Throughout 
th is  work, s c a t te r in g  has been n e g le c te d .
To determ ine the  re c ip ro c a l  e f f e c t iv e  tem p era tu re , 9 = 5040/T^,
and the su rfa ce  g ra v ity , g , we have used as tem peratu re  in d ic a to r  the 
redden ing-independent param eter q = [ra(3535) - m(4272)] - 0 .56  
[m(4272) - m(5305)j and as g ra v ity  in d ic a to r  the  hydrogen l in e  w idths 
D(10) fo r  Hy and Hß. F igure  1 g ives the  l o c i ,  in  th e  (0 , log g) - 
p la n e , o f q and the hydrogen l in e  w idths given in  Table 1 fo r  HD 205805. 
The atm ospheric  param eters we adopt a re  6^ = 0.19±0.01 and 
log g = 5 .0± 0 .15 . (The e r ro rs  correspond  to  e s tim ated  e r ro rs  in  the  
observed param eters q and D (10).) We have an independent check on our 
g ra v ity  d e te rm in a tio n . The l a s t  v i s ib le  Balmer l in e  in  HD 205805 (from 
two n eb u la r-sp ec tro g ra p h  s p e c tra )  i s  n = 13, which y ie ld s  a d if fe re n c e  
in  the  e le c tro n  d e n s ity  A log N = 0 .46  compared w ith normal dwarf s ta r s  
o f s im ila r  tem peratu re  (n = 1 5 ). This corresponds to  A log g = 0.9 
and y ie ld s  a g ra v ity  in  good agreem ent w ith  the  va lue  o f log g given 
above.
The helium  lin e s  ÄA412Q, 4437, 4713, 5015 and 5047 have been 
computed by u sing  the  n o n a d iab a tic  th eo ry  o f  Griem e t  a l . (1962).
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For AA4009, 4026, 4143, 4387, 4471 and 4921, we have computed only the
long-wavelength h a l f  o f  the  p r o f i l e  (com putational d i f f i c u l t i e s
p reven t us from computing th e  blue-w avelength  h a l f  s a t i s f a c t o r i l y ) .
The wings were computed by using  the q u a s i - s t a t i c  theory of Pfennig and
T r e f f tz  (1966) and fo r  the  core we used the  ad iab a t ic - im p a c t
approxim ation of Traving ( i9 6 0 ) .  F u ll  d e t a i l s  o f  these  p r o f i l e s  are 
1
given in  Paper I .
Using the e f f e c t iv e  tem perature  and g r a v i ty ,  to g e th e r  with the 
measured l in e  s t r e n g th s  o f  helium , we in te r p o la te d  in  the  network of 
computed helium l in e  p r o f i l e s  to determ ine the helium abundance o f  
HD 205805. For l in e s  computed with the  theory  o f  Griem e t  a l . (1962), 
the  e q u iv a len t  widtns were employed. For the  ocher l i n e s ,  the  wings 
were f i t t e d  to  the  p r o f i l e s  ob ta ined  from the theory  of Pfennig and 
T r e f f tz  (1966). In column (2) of Table 3, we give our de rived  abundances 
fo r  HD 205805, and in F igure  2 we show the  f i t t i n g  .of computed and 
observed p r o f i l e s .  (We have fo lded  our computed p r o f i l e s  with a 
re c ta n g u la r  p r o f i l e  of t o t a l  width 1 A to  account fo r  the  in s tru m en ta l  
broadening, in  the  case o f  A4921, the  t o t a l  width was 2 A.) In the  
f i t t i n g  procedure , most weight was given to  the  wavelength reg ion  
0.5 A < AA <, 2 A. This allows fo r  u n c e r t a in t i e s  in  the  core computations 
and fo r  o b se rv a t io n a l  u n c e r t a in t i e s  in  th e  f a r  wings.
A f te r  completion of Paper I ,  the non ad iab a tic  p r o f i l e s  c f  A4471 of 
Griem (1968) and o f  AA4471 and 4921 o f  Barnard, Cooper and Shamey (1969) 
became a v a i la b le  to u s .  For th e  range o f  e le c t ro n  d e n s i t i e s  considered  
h e re ,  t h e i r  n o n ad iab a tic  th eo ry  y ie ld s  impact w idths l a r g e r  by a f a c to r  
o f  about 1.7 than our a d ia b a t ic  e s t im a te s .
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A4921 A4471
A4387
A4026
A4143
A4009
Figure 2 : Observed and computed helium line profiles
of the 2P°-nD series for HD 205805, long- 
wavelength half. Line, observed (for 
\\4l43 and 4009 , limits); open circles, 
calculated (Paper I, interpolated for 9 =0.19)j 
closed circles, calculated (folded with rect­
angular instrumental profile of total width 1A 
[for \4-921, 2 a , first order spectrum]). For 
coincident points, closed circles are plotted. 
The helium abundance is N(He)/N(H) = 0.015*
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TABLE 5
HELIUM ABUNDANCES FOR HD 205805 AND y PEGASI 
FROM INDIVIDUAL LINES
X (A) 
(1)
N(He)/N(H) A l o g  N (He)/M(H) 
(HD 205805 - 
y P e g a s i )
(4)
HD 205805 
(2)
Y 1Pegasi
(3)
4009 £0 .03 ( 0 .0 7 ) ( * - 0 . 4 )
4026 0 .01 0 .1 5 (0 .1 0 ) - 1 . 2  ( - 1 . 0 )
4120 £0 .006 0 . 4 (0 .1 6 ) s - 1 . 8  ( £ - 1 . 4 )
4143 <0.025 0 .1 2 ( 0 .1 0 ) < - 0 .7  ( < - 0 .6)
4387 0 .007 0 .2 1 (0 .07 ) - 1 . 5  ( - 1 . 0 )
4437 <0.026 0 .2 2 (0.101 < - 0 .9  ( £ - 0 . 6 )
4471 0 .015 0 . 1 6 ( 0 .1 0 ) - 1 . 0  ( - 0 . 8 )
4713 0 .0 2 4 0 .1 3 ( 0 .1 0 ) - 0 . 7  ( - 0 . 6 )
4921 0 .015 0 .2 1 - 1 . 2
5015 0 .015 0 . 0 5 (0 .09 ) - 0 . 5  ( - 0 . 8 )
5047 0 .0 3 4 (0 .19 ) ( - 0 . 8 )
We have performed two a n a l y s e s  o f  the comparison s t a r  y Peg.  The 
f i r s t  ( i )  u ses  only  image- tube  d a t a ,  w h i l e  the second ( i i )  employs the  
p u b l i s h e d  data  o f  A l l e r  and Jugaku (1958)  and A l l e r  (1956) . The data  
are g iven  i n  Tables  1 and 2 .  We o b t a in  t h e  atmospher ic  parameters  0 
and lo g  g l ( i )  0^ ~ 0 .2 5  ± 0 . 0 1 ,  log  g = 3 .6  ± 0 . 2 0 ;  and ( i i )
6^ = 0 .2 5  ± 0 . 0 1 ,  log  g = 3 .9  ± 0 . 1 0 .  Our e s t i m a t e s  o f  the he l ium  
abundance a r e g i v e n i n  column (3) o f  Table 3.  (As b e f o r e ,  the numbers 
i n  p a r e n t h e s e s  r e f e r  to  the a n a l y s i s  o f  the  p u b l i s h e d  data  o f  A l l e r  and 
Jugaku.)  In the  a n a l y s i s  o f  the image-tube  m a t e r i a l ,  a l lo w ance  was 
made f o r  in s tr u m e n ta l  broadening  as i n  th e  a n a l y s i s  o f  HD 205805.  The 
abunuances i n  p a r e n t h e s e s  show t h a t  our t ec h n iq u es  y i e l d  a reason ab le
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estim ate o f the helium abundance when m aterial o f high q u a lity  is  
analyzed. On the other hand, the s c a tte r  in the abundance shown in  
the an a lysis  o f the image-tube data g ives some in d ica tion  o f the 
errors we might expect in our abundance determ inations using these 
low er-quality  data. This r e su lts  from the random sc a tte r  inherent 
in  the image-tube measures. R egardless, however, o f which se t  o f  
data we choose for comparison, the e s s e n t ia l  fa c t remains: The
atmospheric helium abundance o f the subdwarf HD 205805 i s  considerably  
sm aller than that in  the Population I s ta r  y  Peg.
In column (4) o f Table 3, the helium abundance o f HD 205805 is  
compared with that o f y Peg. The tabulated quantity is  
A log [N(He)/N(H)j = log [N(He)/N(H)J205805 - log [N(H e)/N(H )^ peg.
We conclude that A log [N(He)/N(H)] = -1. 0 ± 0. 5.
IV. THE EXPLANATION OF THE SINGLET-TRIPLET ANOMALY 
In order to  exp lain  the low ra tio  o f the strengths o f the s in g le t  
(S) lin e s  to t r ip le t  (T) lin e s  o f  neutral helium in  a 8 -type subdwarf 
compared with that in  a normal dwarf, we f i r s t  consider two sta rs  with 
the same helium abundance N(He)/N(H) and temperature s t r a t if ic a t io n  
but witii d if fe r e n t e lectron  pressure P^  .
In tiie main-sequence s ta r , the cores o f the strong S- and T -lin es  
are saturated . When observing the in te n s ity  ra tio s  A4387/A4471 
or A400CJ/A4026, one does not compare lin e s  with equal 
p rin cip a l quantum numbers n bu t, rath er, those with nearly equal 
wavelengths. Thus, the S - lin e s  have larger n and larger damping
parameters a  - w/AA^, so that ac< > a^ ,. Here w is the impact half 
half-width in wavelength units ana AA^ . the Doppler width (see Table 4).
TABLE 4
DAMPING PARAMETERS a = w/AA OF NEUTRAL-HELIUM LINES FOR 
T = 20000° K AND LOG N q  = 14.0 (MAIN-SEQUENCE STAR)
AND LOG Ne = 14.S (SUBDWARF), RESPECTIVELY
Series n A a (ms) a(sd) A a (ms) a(sd)
2P°-nS 4 5047 0.1 0.2 4713 0.04 0.1
5 4437 0.2 0.5 4120 0.1 0.4
2P°-nD 4 4921 0.1 0.3 4471 0.1 0.2
5 4387 0.3 1.1 4026 0.2 0.7
6 4143 0.7 2.1 3819 0.7 2.1
7 4009 1.3 4.2
In the same star, the singlet-triplet ratio is determined by the 
relative benaviour of n, the ratio of the line absorption coefficient 
k to the continuous absorption coefficient k .^ Consider the ratio
kS/kC noS^S 
S i kt /kc n0j(f)T
where (p is the profile function. If we increase P n^/n^ can on*y be 
changed by the P -d pendence of (p /<pr . Since the wings of both S- and 
T-lines are proportional to P , any singlet-triplet effect must be due 
to a relative decrease in ehe central parts (core" )f <j>S with increasing 
P . For our purposes, it suffices to represent the core of the line by 
a Voigt profile for the center, 4> (AA = 0) = H(a, 0). As long as the
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damping param eter a << i ,  H(a, 0) - 1 .  I f ,  however, a » 1 ,  then
h ( a ,  0) « a  ^ « p *. Since a c > a „ ,  the  r a t i o  in  the  core is  e o i
H(ac , 0 )/H (arr, 0) < 1. The behaviour o f  r e f l e c t s  th a t  o f  the
o  1  b  X
r e l a t i v e  l i n e  s t re n g th s  only i f  tx*e l in e s  are  u n sa tu r a te d .  Now, s in ce  
the  f a c to r  no in  the  ab so rp tio n  c o e f f i c i e n t  i s  always sm a l le r  fo r  the 
S - l in e  than  the  T - l in e  ( i t s  g f-v a iu e  i s  sm a l le r  and i t s  e x c i t a t io n  
p o t e n t i a l  i s  la r g e r  by 0.26 eV ), i t  i s  th e  S - l in e  which f i r s t  becomes 
u n sa tu ra te d  when i s  in c re a se d .  When th i s  o ccu rs ,  the  s i n g l e t  w i l l  
decrease  more r a p id ly  than  the  t r i p l e t .  We th e re fo re  can exp la in  the 
s i n g l e t - t r i p l e t  anomaly by the  removal o f  the  s a tu r a t i o n  in  the  c e n t r a l  
p a r t s  o f  the S - l in e  due to an in c re a se  in  P. so th a t  a Q becomes 
l a r g e r  than u n i ty .
Besides th i s  main e f f e c t ,  however, we have y e t  to  d iscuss  to  what
e x te n t  th e  core o f  an S - l in e  can become u n sa tu ra te d  due to  a decrease
o f  n c i t s e i f  (w ithout ar becoming > 1) w ith  in c re a s in g  P . For e a r ly
B-type s t a r s ,  the f r a c t i o n a l  number o f  n e u tra l-h e l iu m  atoms over the
continuous ab so rp tion  c o e f f i c i e n t  i s  e s s e n t i a l l y  independent o f  P.. .
Hence, only a decrease  in  the  helium  abundance N(He)/N(H) w i l l
decrease  n « (and n ^,), s in ce  a l l  o th e r  f a c to r s  in  n remain u n a ffe c ted  oS ol o
when we go from the dwarf to the  subdwarf atmosphere. A lower value 
o f  N(He)/N(H) than in  normal main-sequence s t a r s  thus s tren g th en s  
the s i n g l e t - t r i p l e t  anomaly.
In Table 4 we give The damping param eters a = w/AA^ fo r  the 
observed n e u tra l-h e l iu m  l i n e s .  They are  c a lc u la te d  by assuming 
T = 20000° K and log N = 14.0 f o r  the  main-sequence s t a r  and by
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assuming log N = 14.5 fo r  the subdwarf. The impact widths w were 
taken from Paper 1. From th i s  t a b le  and the l in e  p r o f i l e s  given in  
Paper I ,  we conclude th a t  in  the  p a r t i c u l a r  case o f  HD 205805 both 
the p re s su re  broadening e f f e c t  and the low abundance o f  helium are  
re q u ire d  in  o rd e r  to  ex p la in  th e  observed s i n g l e t - t r i p l e t  anomaly.
The decrease  in  helium abundance is  necessa ry  s in ce  the  i n t e n s i t y  
r a t i o  A4387/A4471, fo r  example, h a rd ly  changes from i t s  va lue  on 
the  main sequence i f  log g i s  in c reased  from 4 up to  about 5.5 fo r  
co n s tan t N(He)/N(H) = 0 .1 .
V. ABUNDANCES OF THE ELEMENTS HEAVIER THAN HELIUM
Besides the l in e s  o f  hydrogen and helium , we f in d  the  s t ro n g e s t  
l in e s  o f  C I I ,  N II and Si I I I  in  our s p e c t r a  (see Table 2 ) .  The 
b lend  o f  0 II  around X4070 i s  probably  p r e s e n t ,  b u t the  doublet 
Mg I I  X4481 i s  not d e te c ta b le .  The spectrum o f  HD 205805 thus 
resembles th a t  o f  the  subdwarf B s t a r  Feige 65, which has been 
q u a l i t a t i v e l y  described  by Berger (1965) from a p l a t e  with a d isp e rs io n  
o f  18 A mm ^ .
In the range o f  e a r ly  B s t a r s ,  the  l in e s  o f  s in g ly  io n ized  C, N, 0
and Mg and o f doubly io n ized  Si a re  very i n s e n s i t i v e  to  changes in
g ra v i ty  ( c f .  Traving 1955). In HD 205305, the  i n t e n s i t i e s  o f  the 
C I I ,  N II  and Si I I I  l in e s  a re  comparable to  those in  main-sequence
s t a r s  l ik e  y Peg and t Sco, hence, the  abundances o f  C, N and Si in
the  subdwarf are  roughly normal. The absence o f  the  l in e  a t  X4481,
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however, indicates a low magnesium abundance, since Mg II X4481 is 
normally comparable in strength to C II X4267.
VI. CONCLUSION
In HD 205805, the atmospheric helium abundance is less than in 
main-sequence stars oy an order of magnitude. By using the data of 
Sargent and Searle (1963) for the sdB stars Feige 11, 34 and 65, an 
analysis was performed to ascertain whether a similar underabundance 
was present in these subdwarf stars. (Feige 66, the fourth sdB 
described by Sargent ana Searle, was not analyzed because of the lack 
of a continuum scan.) In Table 5 we present our results for the 
atmospheric parameters of these stars. In columns (2) and (3) are 
the reciprocal effective temperature and gravity, respectively, 
determined from D(10) of hy and the parameter q obtained from the 
continuum scans, using the puolished equivalent widths of He I XX4026 
and 4471, we computed the helium aoundance relative to HD 205805.
TABLE 5
ATMOSPHERIC PARAMETERS OF THE 3-TYPE 
SU3DNARFS FEIGE 11, 36 AND 65
Star
(I)
ee
(2)
log g 
(3)
A log N(rie)/N(H) 
Star - HD 205805 
(4)
F 11 0.21 5.2 -0.55
F 36 0.20 5.2 -0.08
F 65 0.20 5.5 »0.70
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We have assumed, in  computing the l in e  s t r e n g th s ,  t n a t  tne  e q u iv a len t  
width of tne  whole l in e  i s  r e l a t e d  to  th a t  o f  the long-wavelengtn h a l f  
by a c o n s tan t  f a c to r .  The va lue  o f  t h i s  f a c to r  was provided by 
HD 205805, f o r  which the helium abundance i s  known. We n o te ,  too , 
tn a t  because o f  the g ra v i ty  dependence o f  the fo ro idden  and allowed 
components ( c f .  Griem 1968), our assumption o f  a co n s tan t  r a t i o  
w i l l  lead  to  a s l i g h t  o v e res t im atio n  of the  helium abundance of th ese  
th ree  s t a r s  (which have s l i g h t l y  h ig h e r  g r a v i t i e s )  r e l a t i v e  to  
HD 2J5805. The abundances r e l a t i v e  to  HD 205805, A log uN(He)/N(H)] ,  
a re  given in  column (4) of Table 5. E rrors  of AO^  = ±0.01 and 
A log g = ±0.2 w i l l  not change the e s s e n t i a l  r e s u l t ,  among the  B-type 
subdwarfs fo r  which d a ta  are  a v a i l a b l e ,  tn e  su rface -he lium  abundance 
v a r ie s  by a f a c to r  of about 4.
Sargen t and S e a r le  (1966, 1968) nave a lso  e s tim ated  the  atmospheric 
param eters fo r  these  s t a r s .  T he ir  va lues  0^ ^ 0 .17 -0 .20  and 
log g = 5.5  a re  in  reasonab le  agreement w ith  the  va lues  found h e re .
They e s t im ate  th a t  the su rface -h e liu m  abundance i s  lower by a f a c to r  
o f  rougniy 100 compared w ith  main-sequence s t a r s ,  t h i s  i s  a somewhat 
g re a te r  underabundance chan ours .  From Feige 11, 36 and 65, we would 
deduce a f a c to r  o f  about 25.
The space motions o f  HD 205805 in d ic a te  i t s  membership in  
Popula tion  I I .  In Table 6 we have assemoled the d a ta  necessary  fo r  
the d e te rm in a tio n  o f  the ab so lu te  magnitude and space motions. I f  we 
assume th a t  HD 205805 i s  coeval with the  g lo b u la r  c lu s t e r s  and has a 
s im i la r  mass, M(205805) = 0 . 5  M (C h ris ty  1966, Newell e t  a l . 1969),
TABLE 6
DATA USED TO DETERMINE THE SPACE LOTIONS OF HD 205805
Param eter Adopted Value Source
Log g + 5 . 0 P re s e n t  work
0e + 0 . 1 9 P re s e n t  work
B.C. - 2 .4  mag Morton and Adams (1968)
m +10.2 mag Newell ( p r iv a t e  communication)
Pa + 0 7 0 7 4 Jones and Jackson  (1936)*
B6 - 0 7 0 1 2 Jones  and Jackson  (1936)*
R ad ia l  v e l o c i t y - 8 0  km s e c ~ L P re s e n t  workt
* HD 205805 = CZ 19489.
t  Determined from two n e b u la r - s p e c t r o g r a p h  p l a t e s  ( d i s p e r s io n  53 A mm *).
we f in d  M = 2 .7  and (ü , V, W) = (-  136, - 18, - 14). Here U, V and W 
a re  in  km sec  1 r e l a t i v e  to  th e  Sun, p o s i t i v e  toward th e  g a l a c t i c  
c e n t e r ,  i n  th e  d i r e c t i o n  o f  g a l a c t i c  r o t a t i o n  and toward th e  North 
G a la c t i c  P o le .  These v e l o c i t i e s  a re  in  acco rd  w ith  membership in  
P o p u la t io n  I I .  I f  we assume t h a t  th e  mass i s  h ig h e r ,  t h i s  would 
only  s e rv e  to  in c r e a s e  th e  space  m o t io n .
We have e x p la in e d  th e  observed  he lium  l i n e  s t r e n g t h s  w i th in  th e  
framework o f  LTE. A lthough a com plete  non-LTE t r e a tm e n t  has n o t  y e t  
been ach ie v e d ,  th e  work o f  M ihalas and S tone (1968),  Johnson and 
Poland (1968) and Shipman and Strom (1970) i n d i c a t e s  t h a t  d e p a r tu re s  
from LTE a re  un im portan t in  m a in -sequence  s t a r s .  I t  i s  on ly  in  
ex tended  a tm ospheres o r  in  s h e l l s  which e x p e r ie n c e  a d i l u t e d  r a d i a t i o n  
f i e l d  t h a t  such d e p a r tu r e s  w i l l  be im p o r ta n t .  While i t  i s  c o n c e iv a b le ,  
in  th e  case c f  the  su b d w a rfs ,  t h a t  th e  main s t a r  may be su rrounded  by a
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s h e l l ,  th e re  are  two in d ic a t io n s  t h a t  t h i s  i s  no t so . I f  HD 205305
were a s h e l l  s t a r ,  we would expect the  s t r e n g th  of He I A5015 to  be
enhanced r e l a t i v e  to  th e  o th e r  helium l in e s  (Struve and Wurm 1938) .
As may be seen from our de rived  helium abundance in  Table 3, th i s  i s
not the  case . (We thus support  the  sug g es tio n  o f  Sargent and S ea rle
[ l968 j th a t  th e  observed s t re n g th  o f  He I A5015 in  the  sdB s t a r
AC+9°6-12 i s  evidence a g a in s t  th e  d i lu t io n  h y p o th e s is .)  Second, i t  is
found in  s h e l l  s t a r s  t h a t  both C I I  A4267 and Mg II  A4431 s u f f e r
2
conside rab le  weakening in a d i lu te d  r a d ia t io n  f i e l d .  (See Struve and 
'Wurm t,1938j fo r  a d iscu ss io n  o f the  behav iour of Mg I I  A4481 in  s h e l l  
s t a r s . )  Although one might argue t h a t  the  absence o f  Mg I I  A4481 
supports  the  s h e l l  h y p o th e s is ,  the normal s t re n g th  o f  C II  A4267 
provides a s u b s ta n t i a l  o b s ta c le  to  such an i n t e r p r e t a t i o n .
V II. SUMMARY
We have exp la ined  the observed helium  l in e  i n t e n s i t i e s  in  the  
subdwarf HD 205d05 w ith in  the  framework o f  LTE. The atmosphere of 
HD 205805 i s  helium d e f i c i e n t  by a f a c to r  o f  10 compared with the 
Population  I s t a r  y Peg. The helium s i n g l e t - t r i p l e t  anomaly can be 
understood in  terms o f t h i s  low abundance of helium and the derived  
e f f e c t iv e  tem perature  and s u r fa c e  g ra v i ty  o f  th i s  s t a r .  An a n a ly s is  
o f  th re e  o th e r  8-type subdwarfs leads to the  conclusion  th a t  t h e i r
2
We have examined the s t r e n g th  o f  C I I  A4267 and Mg I I  A4481 on h igh- 
d is p e r s io n  s p e c tra  (6 .7  A mm-1) o f  the  s h e l l  s t a r s  C Tau, 48 Lib and
e Cap.
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atmospheres are also helium deficient by a factor of 10-50 compared 
with Population I stars.
From the strength of He I X5015 and C II X4267 and the absence 
of Mg II X4431, it is argued that there is no appreciable dilution of 
the radiation field and hence no serious departures from LTE.
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NEUTRAL-HELIUM LINE STRENGTHS. III.
THE SINGLET-TRIPLET ANOMALY OF POPULATION I STARS
JOHN NORRIS
7 1 .
ABSTRACT
Hie s i n g l e t - t r i p l e t  anomaly of m ain-sequence P opu la tion  I s ta r s  
i s  ex p la in ed  w ith in  the  framework o f LTE.
S truve  (1928) f i r s t  observed th a t  in  P opu la tion  I s t a r s  th e  d if fu se  
s in g le t  l in e  A.387 o f  n e u tr a l  helium behaves q u ite  d i f f e r e n t ly  from the 
d if fu s e  t r i p l e t  l in e  A4471. He found th a t  the r a t i o  A4387/A4471 
in c re a se d  from about 0 .4  in  la te  B-type s p e c tra  to  a broad maximum o f 
0.85 a t  s p e c tra l  type Bl-2 and then decreased  to  about 0 .3  a t  s p e c tra l  
type 0. L a te r he showed (S truve 1931) th a t  a s im ila r  e f f e c t  was p re se n t 
in  the  s i n g l e t - t r i p l e t  r a t i o s  A4009/A4-26 and A4143/A4120. This 
phenomenon has become known as the  s i n g l e t - t r i p l e t  anomaly, and 
a lthough s e v e ra l au thors have attem pted  ex p lan a tio n s  assuming lin e  
fo rm ation  in  LTE (S truve 1931, 1933; Goldberg 1939), no f u l ly  
s a t i s f a c to r y  account has been g iv en . S tru v e  (1935), S truve  and Wurm 
(1938) and U n d erh ill (1966) have suggested  th a t  a trea tm en t in v o lv in g  
d ep a rtu re s  from LTE may be n ecessa ry  to  re so lv e  the problem . I f  th is  
view i s  c o r r e c t ,  i t  becomes exceed ing ly  d i f f i c u l t  to  determ ine the  
helium  abundance in  B-type s t a r s  from o b serv a tio n s  o f  t h e i r  s p e c tra .
The problem is  of to p ic a l  i n t e r e s t  because o f a s im ila r  "anomalous" 
behav iour o f  the  s i n g l e t - t r i p l e t  r a t i o  re p o rte d  fo r  some o f the 
ap p aren tly  h e liu m -d e f ic ie n t s t a r s  in  th e  g a la c t ic  h a lo  (Sargent and 
S ea rle  1968) . An u n d ers tan d in g  o f the observed helium  l in e  s tre n g th s  
in  th ese  two groups o f  s t a r s  tu rn s  on th e  ex p lan a tio n  o f  the  s in g le t -  
t r i p l e t  anomaly.
72 .
In tiiis paper, I discuss the origin of the singlet-triplet anomaly
in the main-sequence stars of Population I. In Figure 1, R is a measure
of tiie singlet-triplet anomaly and 6^ is the reciprocal effective
temperature (G = 5Ü40/T ). The parameter R is defined by 0 0
_ W (4009) + W(4143) + W(4387)
1/(4026) + IV (4471)
and the equivalent widths, W, have been taken from the work of Rudnick (1936), 
Williams (1336) and Petrie (1947). If measurements have been made by
more than one author, a mean R was adopted. The stars studied may be 
identified from Table 1. The criteria used to determine the sample 
were: (i) Luminosity classes I-II are excluded. (Where possible, the
luminosity classes of the Catalogue of Bright Stars [Hoffleit 1964] 
were used.) (ii) The projected rotational velocity v sin i * 100 km sec'1. 
(Rotational velocities are from Boyarchuk and Kopylov [1964].)
(iii) There is no known spectral peculiarity. Criteria (i) and (iii) 
ensure that the sample is comprised of normal low-luminosity stars.
Since the atmospheres of the supergiant stars are only poorly understood 
(see, e.g., iiorton 1967) the present treatment has been restricted to 
stars on or near the main sequence. Criterion (ii) is included since 
equivalent widths become increasingly difficult to measure with 
increasing rotational velocity. To determine the effective temperature,
I computed the reddening-independent parameter Q = (U - B) - 0.72 (B - V) 
from published colors (Iriarte et al. 1965, Hiltner 1956) and employed 
the (Q, 0^)-relation of iiorton and Adams (196B) for main-sequence 
(log g = 4.0) stars. Because of the gravity insensitivity of Q, the
73
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TABLE 1
EFFECTIVE TEMPERATURES AND ANOMALY PARAMETERS 
FOR THIRTY POPULATION I STARS
Spectral o r  Hn Spectral
Type e K HD Type 6
886 B2 IV 0.230 0.87
3360 B2 V 0.215 0.94
3369 B5 V 0.325 0.83
16582 B2 IV 0.230 0.92
23408 B7 III 0.370 0,70
35468 B2 III 0.230 0.82
35497 B7 III 0.340 0.64
36322 B0 IV 0.170 0.76
36361 08 0.170 0.34
37023 Bl? 0.160 0.86
37043 09 III 0.140 0.43
47839 07* 0.145 0.51
57061 09 III 0.205 0.73
74280 B3 V 0,275 0.93
106625 B8 III 0.395 0.61
147394 B5 IV 0.320 0.74
149438 B0 V 0.180 0.66
155763 B6 III 0.360 0.64
157056 B2 IV 0.240 0.81
160762 B3 V 0.270 0.86
166182 B2 V 0.235 0.94
180163 32 IV 0.280 0.85
190864 06* 0.125 0.58
192639 07* 0.155 0.38
195810 B6 III 0.345 0.72
202214 BG V 0.175 0.73
205021 B2 III 0.195 0.75
212120 B6 IV 0.330 0.58
213420 B2 IV 0.255 0.89
214680 09 V 0.150 0 .48
* Classification of Petrie (1947) .
Morton-Adams relation should yield reliable values of 8^ for luminosity 
classes III-IV. Representative error bars for R and 0 are shown in 
Figure 1. The error in R corresponds to a 10 percent random error in 
the equivalent widths. Systematic errors of a constant factor in the 
equivalent widths will not affect R. The error in 0^ corresponds to 
±0.03 mag in Q.
These data may be compared with model-atmosphere computations. 
Neutral-helium line profiles have been computed (on the assumption of 
LTE) for the long-wavelength half of each of the diffuse series lines
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n ecessa ry  to  compute th e  param eter R. These com putations were based
on the  m ain-sequence (log g = 4 .0 ) l i n e -b lan k e ted  model atmospheres
o f  Morton and h is  co-workers (M ihalas and iiorton  1965; Adams and Morton
1968; ilickok and Morton 196ö) and M ihalas (1966). F u ll d e ta i l s  o f  th ese
com putations and th e  p r o f i l e s  have been p u b lish ed  elsew here (N orris  and
Baschek 1970; h e r e in a f te r  r e f e r r e d  to  as Paper I ) .  The wings are
o b ta in ed  by u sin g  th e  q u a s i - s t a t i c  theory  o f  Pfennig  and T r e f f tz  (1966),
w hile  th e  cores a re  approxim ated by the  a d ia b a tic -im p a c t th eo ry  in
which th e  t r a n s i t io n  between l in e a r  and q u a d ra tic  S ta rk  e f f e c t  i s
t r e a te d  by the  method o f T raving  (1960). M essersd im id t, Scholz and
Traving (1967) have shown th a t  the  P fe n n ig -T re ff tz  theory  can reproduce
th e  wings o f th e  helium  lin e s  in  th e  BO V s t a r  t Sco fo r  the  l in e s  in
q u e s tio n . The re c en t n o n a d iao a tic  trea tm en t o f  the  l in e  cores o f
X4471 ( t r i p l e t )  and X4921 ( s in g le t )  by B arnard, Cooper and Shamey
(1969) a ffo rd s  an e v a lu a tio n  o f the  a d ia b a tic -c o re  approxim ation used
in  Paper I .  The agreem ent i s  q u ite  good. At T = 20000° K and 
14 -3N = 1 0  cm , fo r  exam ple, th e  a d ia b a tic  tre a tm en t y ie ld s  impact 
w idths too sm all by a f a c to r  o f  about 1.5 fo r  both  l i n e s .
For t i e  symmetric lin co  XX4009, 4143 aa-.i 3-.//, tu e  eq u iv a len t 
w idths a re  re a d ily  ob ta in ed  from the  computed p r o f i l e s ,  b u t fo r  
XXhQ26 and 4471, which have fo rb id d en  components, some allow ance 
must be made fo r  the  asymmetry. (Although XX4143 and 4387 have 
fo rb idden components, no asymmetry i s  d e te c ta b le  in  th e i r  l in e  
p ro f i le s  on s p e c tra  o f  s h a rp - lin e d  s ta r s  a t a d isp e rs io n  o f
75.
6.7 A mm *.) To obtain a measure of the asymmetry for XX4026 and 4471,
I measured for each line the quantity
A * Jr (1 - r)dX / 7 (1 - r)dX
(r is the residual intensity) from intensity tracings of the spectra 
(dispersion of 6.7 A mm"1) of six sharp-lined B stars. The spectra were 
obtained at Mount Stromlo during 1366-1968. Details of the stars 
observed and the values of A are given in Table 2. Within the accuracy 
of the measures, there is no systematic dependence of A on spectral type.
TABLE 2
ASYMMETRY PARAMETERS A(X)
HD SpectralType A(447i) A(4026) n*
886 Ü2 IV 1.41 1.42 2
15371 B5 III 1.35 1.39 2
63922 B0.5 III 1.47 1.47 1
122980 B3 V 1.40 1.27 1
149438 B0 V 1.56 1.34 2
157056 B2 IV 1.36 1.21 2
* dumber of measures.
Accordingly, a mean of the measured asymmetry parameters was used to 
compute the theoretical equivalent widths. The values adopted were 
A(4026) =1.35 and A(4471) = 1.42. With these values, I computed the 
anomaly parameter R as a function of 0e. The unbroken lines in 
Figure 1 show its behaviour for the two helium abundances 
N(He)/d(H) = 0.15 and 0.05. The two dashed curves in Figure 1 are
7 7 .
obtained from profiles fpr two approximate (log g = 3 .0 )-models 
(0 = 0.300 and 0.400). Details of these models are given in
Paper I. The helium abundances are N(He)/N(H) = 0.15 and 0.05.
The separation of the two curves may be understood in terms of 
saturation e ffe c ts . At 0 = 0.23, for example, a ll lines are
partia lly  saturated. The tr ip le ts , being stronger than the s in g le ts , 
strengthen more slowly than the sin g lets as the abundance is  
increased.
The agreement with the observations is  quite good. The scatter  
in the observations is  probably due to errors of measurement and a 
small gravity dependence rather than a reflection  of any variation in 
helium abundance. It should be noted, however, that in the regions 
where the s in g le t-tr ip le t  anomaly is  greatest, the wings of the 
helium lines are becoming weak and the core approximation becomes 
more important. This is  seen in Figure 2 for the two hot models 
Ge = 0.135 and 0.176 (N(He)/N(H) = 0.05). Nevertheless, large 
changes in the core broadening are necessary to remove the sin g let-  
tr ip le t e ffect found here. I f ,  as is  suggested by the comparison 
with the work of Barnard e t a l. (1969), the core broadening has been 
underestimated by a sim ilar amount for both sin g lets and tr ip le ts , the 
present result w ill remain basically  unchanged.
I have shown that there is  good agreement between the observed 
and the computed s in g le t-tr ip le t  parameter R. How good is  the 
agreement between the observed and the computed lin e profiles?
Using the present techniques, Baschek and Norris (1970; hereinafter
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referred to as Paper II) have analyzed the helium line profiles of the
Population I star y Peg. They have found good agreement between 
observations and theory for all lines considered here. From ten 
lines (the isolated lines are used also), they obtain a helium 
aDundance N(He)/N(h) = 0.11.
It is important to understand the role inat Stark broadening 
plays in the production of the singlet-triplet anomaly. In Figure 2, 
the rapid decrease in the singlets relative to the triplets is quite 
evident for the hotter models. An investigation of the changes that 
occur in the line opacity for these two models shows that there is a 
small relative increase in the singlet opacity compared with that of 
the triplets. (At line center and t^qqq = 0.1, e.g., the ratio of 
line opacities 1^ (e = 0.135)/lv (0a = 0.176) is 0.180, 0.131, 0.151, 
0.141 and 0.119 for XX4009, 4026, 4143, 4387 and 4471, respectively.) 
This results from small relative differences in the Stark broadening of 
the lines. Thus, if Stark broadening were the only factor determining 
the depth in the line, the singlets would change little relative to 
the triplets. That this does not occur results from the effect of line 
saturation. As the lines become weak, the core opacity is the dominant 
factor determining line strength. Here the singlets are intrinsically 
weaker than the triplets (due essentially to smaller gf-values). Then, 
as the absolute value of the line opacity decreases, because of the 
depopulation of the levels accompanying increasing effective 
temperature, the triplets remain saturated longer than the singlets. 
Thus, the singlets weaken more rapidly than the triplets. An
80.
examination of the cooler models (0 = 0.300 and 0.400) shows that
the singlet-triplet effect of the late B stars is explained in the 
same manner. 1 conclude that, while detailed line-broadening 
computations are necessary to provide a quantitative explanation of 
the singlet-triplet anomaly, it can be qualitatively understood by 
means of line saturation as suggested by Goldberg (193S). The 
computations reported here show that the singlet-triplet ^anomaly'* 
cannot be regarded as evidence for departures from LTE in the regions 
of formation of the helium lines of main-sequence B stars.
The present investigation has been extended to the subdwarf 
B stars (Paper II), with the result that the singlet-triplet anomaly 
observed by Sargent and Searle (1968) can also be fully explained 
within the framework of the LTE approximation.
It is a pleasure to thank Dr. Leonard Searle, who suggested the 
problem, and Dr. Bodo Baschek and Dr. E.B. Newell for their helpful 
interest and critical reading of the manuscript. I wish to thank the 
referee for several comments which have been incorporated in the text. 
The support of a General Motors Holden Postgraduate Fellowship is 
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NEUTRAL-HELIUM LINE STRENGTHS . IV.
14 'NORMAL' STARS OF POPULATION I
JOHN NORRIS
83.
ABSTRACT
For 14 sharp-lined stars in the spectral range B0-B8 the following 
observations have been obtained, continuum measures over the interval 
X X  3400-5600 A, profiles of the hydrogen lines Hy and H6, and line 
strength measurements for 12 neutral-helium lines. These data are 
analyzed using model atmosphere techniques and the assumption of LTE 
to determine the atmospheric parameters - effective temperature, surface 
gravity and helium abundance. The helium line-broadening theories 
employed are those of Griem, Baranger, Kolb and Oertel; Griem; and 
Gieske and Griem. An investigation of the derived helium abundances 
leads to three basic conclusions:
i) For all helium lines except AA4009, 5047, 5875 and 6678 the 
equivalent widths yield a unique helium abundance for the early-type 
stars. For AA4G09 and 5047 the discrepancy may be due to difficulties 
of computation and errors of measurement, respectively. While non-LTE 
effects may be important for AAS875 and 6673, it appears that an 
additional effect (possibly errors in the broadening theory) raust be 
evoked to explain the discrepancies obtained for these lines.
ii) Measures of D10(A), the full line width at 10 per cent absorption, 
for He I AA4026 and 4471 yield the same helium abundances as the 
equivalent widths. Hence, the effects of departures from LTE, though 
detectable in the cores of such strong lines, do not appreciably affect 
the measured equivalent widths.
iii) The mean helium abundance of young Population I stars in the 
solar neighbourhood is N(He)/N(H) = 0.09 ± 0.015. (The error includes 
the effect of possible systematic errors in the hydrogen line-broadening
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theory and the photometric calibration employed.) A comparison with 
other helium abundance determinations for young Population I objects 
indicates that all measures are basically in accord with a helium 
abundance N(He)/N(H) = 0.09 - 0.10.
I. INTRODUCTION
The present series of papers is concerned with the interpretation 
of observed helium line strengths in the early-type stars with a viev; 
to obtaining credible atmospheric helium abundances. This paper 
pertains to the large majority of Population I stars having helium 
line strengths which may be understood in terms of the normal 
temperature-luminosity classification and an apparently unique helium 
abundance. These are the 'normal' stars of Population I.
The most recent investigations of observed line strengths in such 
stars have been restricted to a consideration of one line in a number 
of stars (Hyland 1967; Shipman and Strom 1970a. b) or many lines in 
one or two stars (Scholz 1967;, Messerschmidt, Scholz and Traving 1967; 
Baschek and Norris 1970; and Hardorp and Scholz 1970) for reasons of 
availability of either line-broadening theories or observational data. 
These authors have determined atmospheric helium abundances e(He), 
(**N(He)/N(H)), in the range 0.10 - 0.13. While all of these analyses 
assume line formation in LTE, Underhill (1968), using an approximate 
line-broadening theory and data taken from the literature, has 
reported that departures from LTE preclude the use of helium line 
strengths as abundance determinants. Of the lines she investigated, 
(AA4387, 4471, 4921, 5875 and 6678), her approximations hold best for
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the leading members of the diffuse series A5875 (triplet) and A6673 
(singlet). Others have found similar effects. Scholz (1967) found 
for t Sco (BO V) that several of the helium lines (AA4120, 5015,
5047, 5875 and 6678) yielded anomalously high values of the helium 
abundance, while Hardorp and Scholz (1970) in an analysis of x Sco 
and A Lep (BO,5 IV) found that the two lines AA5047 and 6678 yielded 
abundances four times as large as that determined from other lines.
These works provide the starting point for the present investigation.
I present observations and analysis of the helium line strengths 
in the spectral range AA4000-6700 for 14 normal early-type stars.
The purpose of this investigation is twofold. The first is to extend 
the use made of the currently available line-broadening theories to a 
large number of helium lines to ascertain if all lines yield a unique 
result; the second is to derive atmospheric helium abundances for 
stars in the solar neighbourhood. Line formation in LTE is assumed 
throughout. Johnson and Poland (1969) and Poland (1970) have computed 
that departures from LTE do not seriously affect the equivalent widths 
for both the weak lines and the strongly Stark broadened lines of the 
diffuse series. These predictions will be tested. The broadening 
theories used are those of Griem, Baranger, Kolb and Oertel (1962),
Griem (1968) and Gieske and Griem (1969) . The present results will 
provide a basis for a future investigation of the Population I stars 
with peculiar helium line strengths.
The helium singlet-triplet anomaly will not be discussed herein. 
Paper III (Norris 1970) showed that this could be essentially understood
8 6 .
w ith in  the  framework o f  LTE in  terms of l in e  s a tu r a t i o n  e f f e c t s .
Johnson and Poland (1969) and Poland (1970) reached the  same conclusion 
in  t h e i r  in v e s t ig a t i o n  o f  the e f f e c t  o f  d ep ar tu res  from LTE on 
computed helium l in o  s t r e n g th s .
My procedure w i l l  be to  determ ine the  atm ospheric  parameters
re c ip ro c a l  e f f e c t i v e  te m p e ra tu re , 0^ (= 5040/T^), and g ra v i ty  g,
by comparing observed continuous energy d i s t r i b u t i o n s  and hydrogen
l in e  p r o f i l e s  with those  computed fo r  a g r id  o f  approximate l in e -
b lan k e ted  model atm ospheres. These param eters and the  observed helium
l in e  s t r e n g th s  w i l l  bo used to  i n te r p o la te  in  a g r id  o f  computed l in e
s t r e n g th s  to  determ ine the  in d iv id u a l  abundances. In § II I p re sen t
the  o b se rv a tio n a l  d a ta :  p h o to e le c t r ic  continuum m easures, p r o f i l e s
o f  the  hydrogen l in e s  Hy and H6, and the eq u iv a len t  widths o f  12
n e u tra l -h e l iu m  l in e s  in  the  14 program s t a r s .  § I I I  p re sen ts  d e t a i l s
o f  the model g r id  and th e  computation o f  l in e  s t r e n g th s .  The
o b serv a tio n s  and computations a re  combined in § IV to o b ta in  the
atm ospheric  param eters 0 , log g, and the helium abundances, e (H e),e
f o r  in d iv id u a l  l i n e s .  In § V an a n a ly s is  o f  the r e s u l t s  i s  undertaken .
I I .  OBSERVATIONAL MATERIAL
The program s t a r s  were chosen to  s a t i s f y  the  fo llow ing f iv e  
c r i t e r i a :
i )  The s t a r s  should be sharp  l in e d .  Such s t a r s  may be slow 
r o ta to r s  or s t a r s  w ith  r o t a t i o n  axes p a r a l l e l  to  the  l in e  o f  s i g h t .
The computations o f  Hardorp and S t r i t t m a t t e r  (1968) show th a t  in  the
8 7 .
l a t t e r  case tne  ro ta t io n  causes l i t t l e  change in  the  observed helium  
lin e  s t r e n g th s .  An i n i t i a l  l i s t  o f cand ida te  s ta r s  was p repared  u sin g  
the  r o ta t io n a l  v e lo c i t ie s  o f  Boyarchuk and Kopylov (1964) . F in a l 
choice was made from in sp ec tio n  of a s e r ie s  o f survey p la te s  o f 
d isp e rs io n  22 A mm 1 .
i i )  Only s ta r s  in  the range BO to  B8 were accep ted . E a r l ie r  than BO 
th e  com bination o f continuum and hydrogen l in e  p r o f i le s  ceases to
be a r e l i a b le  means o f e s tim a tin g  e f f e c t iv e  tem perature  and g ra v ity  
(see M ihalas 1964) w hile  l a t e r  than B8 the helium  l in e  s tre n g th s  
are  too weak fo r s a t i s f a c to r y  measurement.
i i i )  S ta rs  o f  lu m inosity  c la s s e s  III-V  were chosen.
iv ) No s p e c tr a l  p e c u l i a r i t i e s  were a llow ed. (In  th e  p re se n t co n tex t 
8 Cephei s ta r s  a re  not regarded  as p e c u l ia r ,  s in ce  th e i r  l in e  
s tre n g th s  a re  norm al.)
v) Members o f b in a ry  system s were excluded.
The fo u rteen  s ta r s  which were observed a re  l i s t e d  in  the  f i r s t  
(Bayer or r e la te d  name) and second (HD number) columns o f  Table 1. 
Throughout th e  rem ainder o f  the paper only the Bayer (or re la te d )  
name w il l  be used . The s p e c t r a l  types according  to  H il tn e r ,  G arrison  
and S ch ild  (1969) and Lesh (1968) are  given in  the  th i r d  column o f  the  
ta b le .  For $ Sgr and y Gru, which are  n o t inc luded  in  the  above works, 
the s p e c tr a l  types o f th e  B righ t S ta r  C a ta logue (H o ff le i t  1964) a re  
l i s t e d .
The o b se rv a tio n a l m a te r ia l  was ob ta ined  a t  Mount Stromlo d u ring  
1967-69. I t  c o n s is ts  o f  p h o to e le c tr ic  continuum measures over the  range
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AA3400-5600 and photographic spectra extending over the range 
AA4000-6700.
a) Continuum measures
The continuum measures were made using the photoelectric spectrum 
scanner attached to the 50-inch telescope. The bandwidth was 50 A.
On each night several Oke standard stars were also observed (Oke 1964) 
while one star was observed at least three times to determine the 
atmospheric extinction. Each program star was observed on at least two 
nights, while on each night an observation consists of two stellar and 
one sky measures. In reducing the data the Hayes calibration of Vega 
was adopted (Hayes 1967). The relative energy distributions of the 
program stars, normalized to A5556, are given in Table 1. The values 
are estimated to have an internal accuracy of 0.02 mag. In fitting 
these measures to the mouel atmosphere computations most weight is 
given to the Balmer discontinuity. The systematic errors in the Hayes 
calibration below and above the Balmer jump are 0.05 mag and 0.02 mag 
respectively (Hayes 1967) . Since most of the sources of error are 
continuous across the Balmer jump, the systematic error in the jump 
itself will be 0.03 mag.
b) Spectra
All spectra were obtained using the 32-inch camera of the coude 
spectrograph attached to the 74-inch telescope. The minimum 
requirements for each star were:
i) Two exposures of the spectral range AA4000-4800 taken on baked 
IIa-0 emulsion with dispersion 6.7 A mm
9 0 .
i i )  Two exposures c f  the s p e c tra l  range AA54G0-6700 taken on 103a-F 
em ulsion w itn  d isp e rs io n  10.2 A mm *.
i i i )  Four exposures o f th e  reg ion  AA4850-5150 taken  u sing  an PXA cascade 
image tu b e 1 a tta ch e d  to  the 32--inch camera. The em ulsion was baked 
I I a -0  and the  d isp e rs io n  10.2 A mm 1 . These s p e c tra  were o f  poorer 
q u a li ty  than  th e  o th e rs .
For a l l  exposures th e  p ro je c te d  s l i t  w idth was 27 y and a l l  s p e c tra  
were widened to  0 .9  - 1 .0  urn on th e  p la te .  C a lib ra tio n  was achieved by 
means o f un ifo rm ly  illu m in a te d  l in e a r  wedges exposed on the same p la te s  
as th e  s t e l l a r  s p e c t r a ,  excep t fo r  the  im age-tube p la te s ,  in  which case 
the c a l ib r a t io n  was exposed on ano ther p la te  and developed in  an 
id e n t ic a l  manner to  the  s t e l l a r  s p e c tra .
From in te n s i ty  tra c in g s  o f th ese  p la te s  mean p r o f i le s  o f the 
hydrogen l in e s  Hy and H<5, and the  e q u iv a len t w idths o f the n e u tra l-h e liu m  
lin e s  have been m easured. The hydrogen l in e  p r o f i le s  ( re s id u a l in te n s i ty )  
are given in  Table 2. These p r o f i l e s  re p re se n t the average over both  
red  and b lu e  wings and the a v a ila b le  p la te s .  The in te rn a l  agreement 
between p la te s  was good, w hile  a comparison o f the  Hy p r o f i le  o f y Peg 
w ith  th a t  given by W right, Lee, Jacobson and G reenste in  (1964) shows 
th a t  th e re  a re  no s ig n i f ic a n t  e x te rn a l e r r o r s .
The eq u iv a len t w id ths o f  the n eu tra l-h e liu m  l in e s  a re  p re sen ted  in  
Table 3. In th i s  ta b le  bl_ in d ic a te s  b len d , w hile a dash s ig n i f ie s  th a t  
the  l in e  was very weak (< 30 mA) or a b se n t. I have e stim ated  the
1 The image tube was on loan fron  th e  Department o f T e r r e s t ia l  
Magnetism, C arnegie I n s t i t u t i o n  o f W ashington.
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TABLE 2
HYDROGEN LINE PROFILES, Hy AND H6
Hy (AA A) H<5 (AA A)
S ta r
0 . 2. 4 . 6 .  8 . 10 . 12. 15. 0 . 2 . 4 .  6 .  3 . 10.
CMrH 15.
T Sco .53 .75 .85 .92 .95 .96 .98 .99 .50 .73 .84  .91 .95 .98 .99 .99
P Pup .51 .77 .88 .94 .96 .97 .98 .99 .52 .76 .88  .94 .97 .98 .99 .99
a Pyx .43 .74 .86 .92 .94 .96 .93 .99 .42 .73 .85 .92 .95 .97 .98 .99
a Lup .43 .73 .85 .91 .94 .96 .97 .98 .39 .71 .84  .91 .95 .97 .98 .99
Y Peg .41 .68 .80 .38 .53 .96 .97 .99 .40 .63  .78  .86 .92 .94 .96 .98
0 Oph .47 .69 .81 .88 .91 .94 .96 .98 .43 .67 .79  .87 .92 .95 .97 .99
X Cen .42 .64 .75 .83 .89 .92 .94 .97 .39 .59 .72 .81 .88 .92 .95 .97
K Cen .40 .65 .77 .85 .90 .94 .96 .98 .38 .62 .75 .84 .89 .9 3 .95 .97
a Tel .39 .59 .70 .80 .86 .91 .94 .97 .35 .52 .68 .78 .85 .90 .93 .95
A Pup .36 .60 .73 .82 .88 .93 .95 .97 .36 .58 .7 3  .83 .89 .93 .96 .97
K Eri .29 .56 .69 .79  .86 .90 .93 .95 .25 .49  .66 .77  .84 .90 .93 .96
7T Cet .28 .55 .68 .78 .85 .89 .92 .95 .29  .51 .66 .77 .85 .90 .93 .96
4> Sgr .29 .49 .65 .75 .83 .88 .92 .95 .23 .43  .60 .72 .81 .87 .91 .95
r Gru .33 .51 .65 .75 .33 .88 .91 .95 .23 .42 .58 .70 .80 .86 .90 .94
i n t e r n a l  accuracy  o f  the measured e q u iv a le n t  w idths u s in g  sm all sample  
s t a t i s t i c s .  The standard  e r r o r  o f  the  mean was computed f o r  each l i n e  
in  each s t a r .  For a g iv en  l i n e  th e  v a lu e  o f  the s tan dard  e r r o r ,  
e x p r e sse d  as a p e r c en ta g e  and averaged over  a l l  s t a r s ,  i s  g iven  in  th e  
f i n a l  row o f  Table 3 .  The average e r r o r  ranges from 4-12  per  cen t  w ith  
th e  l a r g e s t  v a lu e s  o c c u r r in g  f o r  the  weak l i n e s  and the  im age-tube  
m easures. Hie e x te r n a l  accuracy  o f  the  l i n e  s t r e n g t h s  measured from 
the s p e c tr a  taken w ith o u t  the  image tube was checked by comparing the  
d ata  fo r  y Peg and t Sco w ith  the  p u b lish e d  v a lu e s  o f  A l l e r  and 
Jugaku (1953) and S c h o lz  (1965) r e s p e c t i v e l y .  There are no s y s te m a t ic
TABLE 3
EQUIVALENT WIDTHS (mA) OF TOE NEUTRAL HELIUM LINES
A (A)
Star 4009 4026 4120 4143 4387 4437 4471 4713 5015 5047 5875 6678
T Sco 290 1140 bl 470 545 70 1015 240 245 135 790 755
P Pup 310 925 bl 425 480 65 1040 280 290 135 1070 925
a Pyx 565 1075 bl 660 640 105 1130 335 315 175 990 950
a Lup 535 1125 bl 620 640 120 1125 305 275 170 850 870
Y Peg 680 1420 bl 760 740 135 1210 275 300 215 710 630
9 Oph 540 1320 bl 670 610 95 1185 255 270 160 730 750
X Cen 650 1635 bl 930 845 130 1470 300 300 185 880 835
k Cen 600 1370 bl 830 875 130 1390 295 290 175 850 710
a Tel 485 1345 200 750 680 90 1250 230 255 150 750 485
A Pup 660 1375 225 820 760 115 1280 300 275 150 830 605
k Eri 200 655 85 bl 240 35 585 85 125 - 390 200
7i Cet 100 S20 45 bl 185 - 485 80 85 - 350 160
<p Sgr 100: 545 - bl bl - 410 - - - 300 no
Y  Gru 50: 540 - bl bl - 360 - - - 250 85
a 9 6 12 5 4 9 4 4 7 8 4 4
differences and the measures agree to within about 10 per cent. On 
the other hand Baschek and Norris (1970) have found no systematic 
errors in comparing image-tube line strengths obtained for y Peg 
(using the same instrument) with the results of Aller and Jugaku (1958).
The two helium lines XX4163 and 4921 have not been included in 
Table 3. The first is blended with the line 0 II X4169. The second 
could not be measured on the IIa--0 plates which were we 11 exposed over 
the region XX4000-4800 because of the falling plate sensitivity at 
X4921. The image-tube measures were also of no use for this line. 
Because of the noisy and undulating response of the image tube towards
9 3 .
the edge o f the  phosphor where X4921 was p o s i t io n e d  i t  was an e n t i r e l y  
s u b je c t iv e  m a tte r  as to  how the  wings and continuum were p laced  on the  
t r a c in g s .  The o th e r  two l i n e s ,  XX501S and 5047, measured on the  image- 
tube t r a c in g s  have been re ta in e d  in  the  a n a ly s i s .  Since these  l in e s  
do no t have wings the  continuum can be more r e l i a b l y  p laced .
I I I .  MODEL ATMOSPHERE COMPUTATIONS 
To i n t e r p r e t  the  o b se rv a t io n a l  m a te r ia l ,  l in e  p r o f i l e s  and continua 
were computed fo r  a g r id  of model atmospheres based on the u l t r a v i o l e t -  
l in e -b la n k e te d  models of Morton and h i s  co-workers (see Bradley and 
Morton 1969, fo r  r e f e r e n c e s ) .  The hydrogen l in e -b roaden ing  theory  is  
th a t  o f  Edmonds, S c h lü te r  and Wells (1967, h e r e in a f t e r  ESW). Most 
d e t a i l s  o f  the  techniques used are  given in  Paper I (Norris  and Baschek 
1970); f u r th e r  d e t a i l s  p e r t in e n t  to  the p re se n t  in v e s t ig a t io n  are  now 
d is c u s s e d .
a) Model atmospheres
The model g r id  p o in ts  a re  8 = 0 .164 , 0 .17b , 0 .200 , 0 .230 , 0 .250,
0
0.300 , 0.350 and 0 .400 , and log g = 3 .5 ,  3 .75 , 4 .0 ,  4 .3  and 4 .6 .  The
r e l a t i o n  between tem perature  and o p t ic a l  depth i s  given fo r
2log g -  3.5 and 4 .0  by th e  Morton group fo r  a helium abundance 
e(He) = 0 .15 . L inear in te rp o la t io n  was used to ob ta in  t h i s  r e l a t i o n  fo r  
log g = 3 .75 , while fo r  log r  = 4 .5  and 4 .6  the  (log g = 4.0) r e l a t i o n  
was used. The p re s su re  s t r u c t u r e  was ob ta ined  by in te g r a t in g  the
2
I am indebted  to  Dr. D.C. Morton fo r  supply ing  some o f  th e se  models 
in advance o f  p u b l ic a t io n .
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hydrostatic equilibrium equation for an abundance e(He) = 0.11. This 
abundance is typical of the values obtained in the most recent 
spectroscopic investigations. While this small change in abundance 
from the Morton value will produce little change in the relation 
between temperature and optical depth it will have an effect on the 
pressure structure.
b) Helium line profiles
i) The isolated lines AA4120, 4437, 4713, 5015, 5047, 5875 and 6678 
may be approximated by shifted dispersion profiles (Griem et al. 1962) . 
The procedure adopted has been described in Paper I with the exception 
that in the present work the shifts (as a function of depth) and both 
components of the triplet lines have been incorporated.
ii) For the strong diffuse line A4471, I have used the procedure 
outlined by Griem (1968) . He gives tabulated profiles for electron 
densities N > 10*4 cm"3, a number of temperatures and the significant 
wavelength regions, together with asymptotic relations to be used 
outside this region. The transition between the two representations 
was achieved by logarithmically plotting the line absorption 
coefficient against electron density and smoothly joining the two 
regions, (most weight being given to the tabulated regions) for a 
number of temperatures and the 30 wavelength points at which the 
profile was to be computed.
iii) Tue broadening of the other diffuse series lines AA4009, 4026,
4143 and 4387 has been computed by Gieske and Griem (1969). These 
profiles may be represented by Voigt profiles in the cores and
9 5 .
q u a s i - s t a t i c a l l y  broadened p r o f i le s  in  th e  w ings. I have used th e  
approxim ate r e la t io n s  in  § I I I  o f t h e i r  pap er. For a l l  l in e s  a 
ju d ic io u s  choice o f w avelength p o in ts  ensured a smooth t r a n s i t io n  
from one re p re s e n ta t io n  to  th e  o th e r , the  t r a n s i t io n  becoming worse 
as th e  p r in c ip a l  quantum number o f the  upper le v e l in c re a se d . The 
w avelength p o in ts  s tr a d d lin g  th e  t r a n s i t io n  reg ion  are  given in  
Table 4 . For X4009 th e  in te r v a l  between the  s tra d d lin g  p o in ts  i s  
so la rg e  th a t  th e  in te g ra t io n  procedure fo r  de term in ing  th e  eq u iv a len t 
width becomes in a c c u ra te . To overcome th i s  d i f f i c u l ty  a crude 
in te r p o la t io n  procedure was adopted to  determ ine th e  re s id u a l 
in te n s i ty  a t th e  p o in t midway between th e  s tra d d lin g  p o in ts .  The 
numbers in  Table 4 r e f e r  to  th e  long wavelength h a l f  o f each l in e .
A s im ila r  s i tu a t io n  occurred  fo r  th e  o th e r  h a l f .
TABLE 4
WAVELENGTH POINTS (A) STRADDLING THE TRANSITION 
REGION FOR LINES OF THE DIFFUSE SERIES
X AA1 AA2
4026 0 .5 0.7
4387 0.5 0.7
4143 0 .3 0 .9
4009 0 .3 1.5
Although m icro tu rbu lence  has l i t t l e  e f f e c t  on helium  l in e  
s tre n g th s  a value £ = 4 km see"* was inc luded  fo r  a l l  l in e s  except
96.
A4471. This value was chosen in accordance with the discussion of 
microturbulence in the B-type stars by Hardorp (1966). Test cases 
showed that for the isolated lines this increases the equivalent 
width by a few per cent.
Helium line strengths have been computed for three abundances: 
e(He) = 0.05, 0.10 and 0.20. Since the model abundance is e(He) = 0.11, 
the line strengths computed for e(He) =0.05 and 0.20 will be slightly 
in error. This should not affect the abundances derived for the 
normal stars, since the value e(He) = 0.11 was chosen to be close to 
the value obtained in recent spectroscopic investigations.
The computed equivalent widths of the 12 lines investigated are 
given in the Appendix for log g = 3.5, 4.0 and 4.3. It is hoped that 
they may be of further use to other investigators.
IV. THE ATMOSPHERIC PARAMETERS 6 LOG g AND e(He)
The effective temperatures and gravities have been determined for 
each star by fitting the observed continuum (corrected for line 
blanketing) and profiles of the hydrogen lines Hy and H6 to- a fine 
grid (A0 = 0.01, A log g = 0.2) of continua and profiles interpolated
in the computed grid values. The effect of line blanketing was found 
to be of considerable importance for the two continuum observation 
bands at 1/A = 2.48 and 2.24 y * (these include the strong helium 
lines AA4026 and 4471 respectively), and to a smaller extent for the 
points 1/A = 2.40 and 2.19 y Corrections to the continuum magnitudes, 
determined from the intensity tracings, are given in Table 5.
TABLE 5
BLANKETING CORRECTIONS (MAGNITUDES) TO CONTINUUM MEASURES
Star 1/A 2.48 2.40 2.24 2.19 Star 1/A 2.48 2.40 2.24 2.19 vi ~1
T SCO .03 .02 .02 .01 k Cen .04 .02 .04 .0
p Pup .02 .02 .03 .01 a Tel .04 .02 .04 .0
a Pyx .03 .02 .03 .02 A Pup .04 .02 .04 .0
a Lup .04 .03 .04 .02 k Eri .02 .0 .02 .0
Y Peg .04 .02 .04 .01 i t  Cet .02 .0 .02 .0
0 Oph .04 .02 .03 .01 £ Sgr .01 .0 .02 .0
X Cen .04 .02 .04 .0 Y Gru .01 .0 .02 .0
In the fitting of the continuum a third parameter, the interstellar 
reddening, must also be known. A first approximation to the reddeYiing 
was obtained by the Q method of Johnson (1958), (Q = (ü - Bj - 0.72[B - Vj), 
using the broad band colors given by Cousins and Stoy (1963) and Iriarte, 
Johnson, Mitchell and Wisniewski (1965). Tne observed continua, corrected 
for this amount of reddening, were compared with the computations. In the 
majority of cases this provided a good fit. If the fit was not good 
slightly different reddenings were tried to obtain agreement between 
observation and computation. The adopted values of the reddening are 
given in the second column of Table 6, together with the values 
determined by the Q method in the third column. Q is given in column (4). 
The agreement between the two reddenings is good, the largest 
discrepancies occurring for luminosity class III. In general, good 
fits were obtained between observed and computed continua.
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For the hydrogen lines most weight was given to the wings in the 
range 4-15 A. This obviates the difficulties in measuring the far 
wings accurately and the uncertainties associated with the computed 
line cores. The uncertainty in fitting most profiles was 
A log g = 0.1 - 0.2 while the results obtained for Hy and H<5 agreed 
quite well. The mean (absolute) difference in the two values for the 
14 stars was A log g = 0.1. The differences were not systematic.
Since there is some doubt as to the validity of the various 
hydrogen line-broadening theories it is possible that the gravity 
determinations are systematically in error. Several investigators 
(Hyland 1967; Strom and Peterson 1968; Olson 1968; Newell, Rodgers 
and Searle 1969) have presented evidence that gravities determined 
using the ESW theory are in better agreement with those determined 
independently for binary systems than are those obtained using the 
completely theoretical broadening theory of Griem (1967) . (The 
difference is A log g =0.2 in the sense that the ESW values are 
larger.) Hardorp and Scholz (1968, 1970), however, in analyses of 
a Lyr ana x Sco were unable to decide between the two theories. In 
the light of these contradictory results I have taken the point of 
view that the possible systematic error in the gravity determination 
is of the order A log g = 0.2 - the difference between the two line­
broadening theories.
Loci were plotted in the (e log g)-plane for the fitting of 
continuum and line profiles. The derived effective temperatures and 
gravities are given in columns (5) and (c) of Table 6. The internal
100.
errors of those parameters are estimated as A6 = 0.005 and A lop p = 0.1; 
when allowance is made for possible systematic errors in the photometric 
calibration and uncertainties in the hydrogen line-broadening theories 
the absolute errors are estimated as A0^ = 0.01 and A log g = 0.2.
We have an independent check on the derived temperatures. Hyland 
(1967) has shown that for stars on or near the main sequence the 
effective temperature is strongly related to the reddening independent 
parameter Q, of Johnson (1958). Hyland's relation is shown by the full 
curve in Figure 1, together with the results of the present 
investigation. Since the effective temperatures have been determined 
independently the good agreement establishes confidence in the present 
results. The dashed curve in Figure 1 is taken from data given 
by Morton and Adams (1968) . Note that they have adopted a somewhat 
different procedure involving the relationships between Balmer 
discontinuity, spectral type and broad band colors. The agreement 
between the results of the two curves is excellent, except for a 
slight divergence for the hottest stars.
Using these effective temperatures and gravities each individual 
equivalent v/idth of Table 3 was interpolated (or linearly extrapolated 
if e(He) was larger than 0.20) in the grid of computed line strengths 
to determine individual helium abundances. They are tabulated (rounded 
to 0.005) in columns (7)-(18) of Table 6.
_ "
Hyland fitted similar observations to the Mihalas (1965) unblanketed 
atmosphere computations, and applied corrections to allow for ultraviolet 
line blanketing. He also used the slightly different calibration of Vega 
suggested by Bessell (1967) .
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There is  one im portan t p o in t which must be made reg a rd in g  the 
d i s t r ib u t io n  o f  abundances. I f  we expect the  measured eq u iv a len t 
w idths to  have a normal d i s t r i b u t io n ,  the  fu n c tio n a l dependence o f 
l in e  s tre n g th  on abundance w il l  lead  to  an asym m etric d is t r ib u t io n  o f  
abundances favou ring  la rg e r  v a lu e s . This is  caused by l in e  s a tu ra t io n  
whereby p o s i t iv e  e r ro rs  in  measured l in e  s tre n g th  cause la rg e r  
abundance e r ro rs  than  do correspond ing  n eg a tiv e  o n e s . The asymmetry 
may be seen in  th e  h istogram  o f  abundances shown in  F igure 2 (a ) .  The two 
l in e s  ÄA5875 and 6678 have no t been in c lu d ed . A glance a t  Table 6 w il l  
confirm  th a t  th e se  l in e s  g ive la rg e ly  d isc re p a n t abundances. F u r th e r 
c o n s id e ra tio n  w il l  be given to  th e se  l in e s  in  th e  subsequent s e c t io n . 
Shipman and Strom (1970b) have o b ta ined  a s im ila r  r e s u l t  in  t h e i r  
in v e s t ig a t io n  o f the  l in e  A4471 in  94 B s t a r s .  They have in te rp re te d  
th e  asyum etry as su p p o rtin g  p o s s ib le  abundance v a r ia t io n s  in  t h e i r  
sam ple. T h is , and the  e f f e c t  o f  d i f f e r e n t  broaden ing  th e o r ie s  fo r  the  
d i f f e r e n t  l in e s  in  the  p re se n t in v e s t ig a t io n  may a lso  c o n tr ib u te  to  the  
asymmetry. I t  i s  d e s i r a b le ,  however, to  remove th e  in h e ren t asymmetry 
i f  p o s s ib le .  This may be achieved by co n sid e rin g  th e  d is t r ib u t io n  o f  
lo g a rith m ic  abundances, th e  h is tog ram  o f which i s  shown in  F igure  2(b) . 
The asymmetry no longer e x i s t s . For th i s  reason  the  averaging 
p rocedures have been perform ed over th e  lo g a rith m ic  abundances.
I t  i s  in te r e s t in g  to  determ ine th e  change th i s  w il l  cause in  th e  d e riv ed  
abundance. For the  e n t i r e  sample in  Table 6 (exc lud ing  AA5875 and 6678)
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the mean abundance and the mean logarithmic abundance differ by 
Ac(He) = 0.007. Similarly if one analyzes the data presented by Shipman 
and Strom (1970b) for their sample of 94 B stars using X4471 (their 
Figure 1) one finds that the mean abundance and the mean logarithmic 
abundance also differ by Ae(He) * 0.007.
V. ANALYSIS OF THE HELIUM ABUNDANCES 
The results presented in the preceding section have been analyzed 
to provide information on tv/o problems:
a) The accuracy of the broadening theories and the applicability of 
the LTE assumption.
b) The helium abundance of individual stars and the mean abundance 
of the early-type stars in the solar neighborhood.
a) The applicability of the broadening theories and 
the LTE assumption
i) Abundances derived from equivalent widths
For each line the logarithmic abundances were averaged over all 
stars. The mean abundances and their standard errors are given in the 
final two rows of Table 6, while in Figure 3 the logarithmic values are 
plotted as a function of inverse wavelength for the lines concerned.
With the exception of AA4009, 5047, 5875 and 6678 all lines 
yield about the same result. If we compare the means of each of these 
lines in turn with the mean of the sample of the other eight lines we 
find that they all differ by over four standard deviations of the 
population of differences of means. Possible systematic errors of
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A0_ = 0.01 and A log g = 0 .2 a r is in g  from e r ro r s  in  th e  pho tom etrice
c a l ib r a t io n  and tne  hydrogen lin e -b ro ad en in g  th e o r ie s  do no t change 
th i s  r e s u l t .  A s e r ie s  o f F ish e r F t e s t s  on the  wavelength samples 
in  Table 6 show th a t only when th e  four l in e s  a re  removed does th e  
sample become homogeneous a t  th e  one p e r cen t l e v e l . For A4Q09 th e  
e r ro r  may be due to  com putational e r r o r .  For A5047 e r ro r s  in  
measurement from im age-tube tra c in g s  may cause i t s  d isc re p a n t v a lu e , 
though one would then expect th e  l in e  A5015, a lso  o b ta in ed  from image- 
tube s p e c tra ,  to  y ie ld  d iv e rg e n t r e s u l t s .  I t  i s  o f i n t e r e s t  th a t  
Hardorp and Scholz (1970) o b ta in  a s im ila r  r e s u l t  fo r  A5047 in  t h e i r  
in v e s t ig a t io n  o f  x Sco and A Lep. Hie two l in e s  AA587S and 6678 must 
be r e je c te d  as u n re l ia b le  fo r  use as helium  abundance d e term inan ts  when 
u s in g  LTE com putations. This r e s u l t  thus su p p o rts  the  conclusions 
o b ta ined  by Scholz (1967), U n d erh ill (1963) and Hardorp and Scholz (1970) 
a lre ad y  mentioned in  § I .
I t  i s  in s t r u c t iv e  to  examine th e se  r e s u l t s  in  th e  l ig h t  o f  the  
com putations o f  Johnson and Poland (1969) and Poland (1970). Using 
model atm ospheres computed on th e  assum ption o f  LTE they  considered  
th e  e f f e c t s  o f  d e p a r tu re s  from LTE on th e  le v e l p o p u la tio n s  and the 
source fu n c tio n  fo r  v a rio u s  helium  l in e s .  For th e  l in e s  AA4120, 4437, 
4471, 4713 and 5047 which I have considered  they f in d  th a t  non-LTE 
e f f e c t s  on th e  eq u iv a len t w idths may be ignored to  10 p e r cen t accu racy . 
T he ir e s s e n t ia l  r e s u l t  i s  th a t  l in e s  w ith  s tro n g  co res w il l  be s tro n g ly  
deepened (by up to  50 p e r cen t) w hile th e  wings o f  such l in e s  w il l  be 
formed in  LTE. For the  s tro n g  l in e s  o f  the  d if fu s e  s e r ie s  th a t  a lso
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have s tro n g  w ings, th e  c o n tr ib u tio n  o f th e  wings to  the  e q u iv a len t w idths 
outw eighs the  e f f e c t  o f non-LTE in  the c o re . This o b ta in s  fo r  a l l  b u t 
th e  f i r s t  members o f th e  d if fu s e  s e r ie s  AA5875 and 6678, which have only 
weak w ings. Hence we might expect some d e v ia tio n s  fo r  th e se  two l in e s  
when employing LTE com putations. I t  i s  n o t c le a r ,  however, th a t  th i s  
i s  th e  f u l l  ex p lan a tio n  o f  th e  la rg e  abundances o b ta ined  fo r  th e se  l in e s .  
One would expect th e  e f f e c ts  o f non-LTE to  be sm all fo r  th e  co o le r s ta r s  
k E r i ,  it  C et, <j> Sgr and y Gra in which th e  l in e s  a re  weak. As may be 
seen from Table 6 th i s  i s  not th e  case . For th e se  two l in e s  the  average 
abundance fo r  the  fo u r s ta r s  i s  e(He) = 0 .3 3 , which may be compared w ith 
a mean o f  e(He) = 0.075 fo r  the  rem aining l in e s  in  th ese  s t a r s .  There 
a re  two p o s s ib le  e x p la n a tio n s . E ith e r  th e  b roadening  th eo ry  fo r  th e se  
two l in e s  is  in c o r r e c t ,  o r the  model atm ospheres a re  in  some way in v a l id .  
I t  must be noted  th a t  the  apparen t in c re a se  in  abundance w ith  w avelength 
from 4000-5000 A in  F igure  3 tends to  in d ic a te  th e  l a t t e r  p o s s i b i l i t y .
We w il l  re tu rn  to  co n sid e r th e  p o s s ib i l i ty  o f  in c o r re c t  broadening  
th eo ry  in  th e  fo llow ing  su b sec tio n .
Poland (1970) a lso  showed th a t  A3S64 should be u n a ffe c ted  by non-LTE. 
This i s  an im portan t r e s u l t  s in ce  the  lower le v e l o f the  t r a n s i t io n  i s  
th e  m e tastab le  s t a t e  2 S. This r e s u l t  should extend to  th e  l in e  A5015, 
which a r is e s  from th e  same le v e l .  The p re se n t r e s u l t  confirm s P o lan d 's  
p re d ic t io n .
i i )  Abundances d e riv ed  from l in e  w idths
The r e s u l t s  p re sen te d  so f a r  have been based on measurements o f  
eq u iv a len t w id th s . For th e  d if fu s e  l in e s  AA4026 and 4471 th e  wings a re
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sufficiently strong to afford an independent estimate of helium 
aoundance free from the complications of departures from LTE. For each 
of the stars hotter than k Eri (0^ = 0.36) I have measured the quantity 
Di0(A), the full width of the profile at 10 per cent absorption, for 
the lines AA4026 and 4471. Rotational and instrumental broadening will 
not affect this parameter in the present study. (Gee the final column 
of Table 8 for rotational velocities.) The measurements are presented 
in columns (2) and (4) of Table 7. They have been compared with the 
computed values to obtain individual helium abundances. These are given 
in columns (3) and (5) of the table. A comparison with the values in 
Table 6 shows that the values derived by this means are in excellent 
agreement with the values derived from equivalent widths. For the lines 
considered, the mean values obtained by the different methods differ by 
only Ae(He) = 0.002.
TAßLE 7
HELIUM LINE WIDTHS, D Q(X) , (A) AND DERIVED ABUNDANCES
A4026 A4471 A5875 A6678
Star
D10 e (He) D10 e (He) D10 £ (He) D10 £(He)
(1) (2) (3) (4) (5) (6) (7) (3) (9)
T SCO 3.6 .090 3.6 .070 1.8 .150 1.7 .215
P Pup 3.2 .095 3.3 .080
a Pyx 3.3 .075 3.6 .075
a Lup 3.4 .080 3.4 .060
Y Peg 4.2 .080 4.0 .055 1.7 .085 1.6 .135
0 Oph 4.1 .075 3.9 .050
X Cen 5.1 .095 4.7 .070 2.4 .210 2.4 .290
k Cen 4.4 .080 4.6 .085
a Tel 4.3 .090 4.2 .100
A Pup 4.2 .100 4.0 .085
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In p r in c ip le  one could t e s t  th e  broadening  th eo ry  fo r  AA5875 and 
6678 in  th i s  manner. The o f th ese  lin e s  should be comparable to  
th o se  computed in  LTE. The a l te r n a t iv e  p o s s ib i l i ty  o f in v a lid  model 
atm ospheres in troduced  in  th e  p reced ing  su b sec tio n  presum ably r e f e r s  to  
the  o u te r  la y e rs  o f the s t a r ,  in  which case the  param eter should be 
l i t t l e  a f f e c te d .  Since th e se  l in e s  do not have s tro n g  wings ( th e  
o f  th e se  l in e s  i s  only h a l f  those  o f  AA4026 and 4471) the  p r a c t ic a l  
a p p lic a tio n  o f th e  t e s t  is  d i f f i c u l t .  Furtherm ore, the  e f f e c ts  of 
r o ta t io n a l  and in s tru m e n ta l broadening become im p o rta n t. I have ap p lied  
th e  t e s t  to  th e  th re e  s h a rp e r- l in e d  s ta r s  t Sco y Peg and x Cen. The 
measures o f  D.A (5875) and D1A (6678), c o rre c ted  fo r  in s tru m en ta l 
b roaden ing , a re  given in  columns (6) and (8) re s p e c tiv e ly  o f Table 7.
(The in s tru m e n ta l c o rre c tio n s  were sm a ll, r i s in g  to  f iv e  p e r cen t fo r  
the  w eakest l in e s )  . The d erived  helium  abundances a re  g iven  in  columns 
(7) and (9) o f Table 7. The average abundance fo r  th e  s ix  measures is  
e(He) = 0 .1 6 , which should  be compared w ith  th e  value  o f  e(He) = 0.075 
ob ta ined  in  th e  same manner fo r  the  two l in e s  AA4026 and 4471 in  the 
same th re e  s t a r s .  These r e s u l t s ,  though not d e f in i t iv e ,  support the 
conclusion  th a t  i t  i s  the  broadening th e o ry , r a th e r  than th e  atm ospheres, 
which causes th e  high abundances determ ined fo r AA5875 and 6678 in  the
HO.
co o le r  B s t a r s . 1 To f u l l y  re so lv e  t h i s  p o in t  sp e c t ra  taken with 
d isp e r s io n s  h igher  than 10 A mm-1 are  r e q u ire d .
In t h e i r  in v e s t ig a t io n  o f  i  Sco, Hardorp and Scholz (1970) p re s e n t  
evidence fo r  X6678, based on p la t e s  o f  d is p e r s io n  ^ 6 A mm \  which 
supports  th e  p re sen t  r e s u l t s .  For t Sco t h e i r  observed va lue  o f  o f  
1.75 A i s  conside rab ly  la rg e r  than t h e i r  computed value  o f  1.25 A fo r  
e(He) = 0.09 ( t h e i r  F igure  9 ) .  
i i i )  Observable e f f e c t s  o f  d e p a r tu re s  from LTE
Poland (1970) p o in ted  out th a t  the  r a t i o  o f  c e n t r a l  depths o f  
forbidden and allowed components o f  l in e s  such as A4471 should p rov ide  
a t e s t  fo r  d ep ar tu res  from LTE. While the  forbidden component i s  formed 
in  LTE, the  allowed component w i l l  be deepened by non-LTE. He has
shown th a t  fo r  h is  model G = 0 .25 , log g = 4 .0 ,  th e  computed (non-LTE)
e
r a t i o  o f  1.97 i s  in  good agreement with the  average o f  1.93 observed 
fo r  two sh a rp - l in e d  B3 V s t a r s .  The corresponding  LTE r a t i o  was 1 .33 .
I t  must be noted th a t  t h i s  r e s u l t  i s  s e n s i t iv e  to  the  s t r u c tu r e  o f  
the  o u te r  la y e rs  o f  the  models. Poland argues th a t  although a s im i la r  
e f f e c t  could be caused by a lowering o f  the  tem perature  in the  o u te r
4
A fte r  completion o f  t h i s  paper ,  the  re c e n t  work o f  Cooper and O e rte l  
(1969) became a v a i la b le  to  th e  a u th o r .  They have r e in v e s t i g a te d  the  
S ta rk  broadening c»f some of the  i s o la t e d  helium l i n e s ,  inc lud ing  AA5875 
and 6678. Of the  l in e s  s tu d ie d  by them A6678 alone y ie ld s  broadening 
param eters  s u b s t a n t i a l l y  d i f f e r e n t  from the  r e s u l t s  o f  Griem e t  a l .
(1962). At T = 10000°K, and N . = lO ^cm  fo r  example, Griem e t  a l .
i j
determine an impact h a l f  h a l f -w id th  W = 0.405 A, while  Cooper and O e rte l  
ob ta in  W = 1.42 A. While th i s  change may remove the  high abundances 
determined from the l i n e  s t r e n g th s  o f  X6678 in  the  coo ler  s t a r s  and 
the l in e  widths in  t Sco, y  Peg and x Cen, the  r e s u l t s  fo r  X5875 s t i l l  
r e q u ire  ex p lan a tio n .
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layers, his models are in good agreement with models recently computed 
by Shipman and Strom and by Mihalas (private conmunications quoted by 
Poland 1970).
TABLE 8
MEASURED AND COMPUTED RESIDUAL INTENSITIES (PER CENT), AND RATIO OF 
LINE DEPTHS OF ALLOWED AMD FORBIDDEN COMPONENTS FOR HE I A4471
Star
(1)
Measured Computed
v sin i 
(8)
Alld.
(2)
Forb. 
(3)
Ratio
(4)
Alld.
(5)
Forb . 
(6)
Ratio
(7)
T SCO 54 83 2.7 60 80 2.Ö 0
? Pup 56 85 2.9 58 80 2.1 40
a Pyx 43 82 2.9 55 78 2.0 20
a Lup 48 83 3.1 54 77 2.0 15
Y Peg 44 77 2.4 54 75 1.8 0
8 Qph 58 30 2.1 54 75 1.8 25
X Cen 50 76 2.1 52 73 1 .8 10
k Cen 48 76 2.2 SI 74 1.9 15
a Tel 54 80 2.3 51 78 2.2 25
A Pup 49 78 2.3 50 77 2.2 25
k Eri 64 90 3.6 61 89 3.5 0
it Cet 72 - - 64 90 3.6 15
<p Sgr 82 - - 68 92 4.0 40
Y  Gru 85 - - 70 94 5.0 50
Table 8 shows the measured and computed central depths for X4471 
for the present investigation. Columns (2) and (3) are the measured 
residual intensities of the forbidden and allowed components 
respectively, while the corresponding computed values are given in 
columns (5) and (6). The computed values have been determined for the 
corresponding individual abundances presented in Table 6. The measured 
and computed ratios of line depth in the allowed component to line
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depth  in  the  fo rb idden  component a re  given in  columns (4) and (7) 
o f  th e  ta b le .
I t  must be emphasized th a t  th e se  r e s u l t s  a re  c r i t i c a l l y  dependent 
on th e  e f f e c ts  o f r o ta t io n a l  and in s tru m en ta l broaden ing . The 
p ro je c te d  r o ta t io n a l  v e lo c i t i e s ,  determ ined in  th e  p re se n t in v e s t ig a t io n ,  
a re  l i s t e d  in  the  f in a l  column o f  Table 8. The method o f t h e i r  
d e te rm in a tio n  has been d esc rib ed  by Hyland (1967) . I t  u t i l i z e s  the  
dependence o f  the  c e n tr a l  depth  o f th e  l in e  Mg I I  X4481 on r o ta t io n a l  
v e lo c i ty .  The b a s ic  v e lo c i ty  s tan d a rd  i s  tc E r i ,  which is  assumed to  
have v s in  i  = 0 km sec 1 .
For the  h o t te r  s t a r s  th e  e f f e c t  o f  d ep a rtu re s  from LTE is  e v id e n t .
In s p i te  o f  r o ta t io n a l  and in s tru m e n ta l broadening  the  observed allow ed 
l in e  cores a re  g e n e ra lly  deeper than  th e  computed ones. The observed 
fo rb idden  components, on the  o th e r  hand, a re  not q u ite  as deep as 
computed. The u l t r a s h a r p - l in e d  y Peg shows th e  e f f e c t  p a r t i c u la r ly  w e ll. 
Here the  observed re s id u a l  in te n s i ty  o f  th e  allow ed component is  
44 per cen t compared to  the  computed v a lu e  o f 54 p e r c e n t, w hile fo r  
th e  fo rb idden  component the  co rresponding  v a lu es  a re  77 and 75 p e r  cen t 
re s p e c t iv e ly .  Cooler than  B2 th e re  is  l i t t l e  evidence fo r  d e p a rtu re s  
from LTE. The u l t r a s h a r p - l in e d  k E ri shows good agreement between 
o b se rv a tio n  and LTE com putation. In s tru m en ta l broadening  w il l  n o t 
g re a t ly  a f f e c t  th is  co n c lu s io n .
I t  should be p o in ted  out th a t  th e  p re se n t com putations y ie ld  
s l i g h t ly  d i f f e r e n t  r e s u l t s  fo r  th e  r a t i o  o f depths from those  o f  
Poland (197Ö). Whereas he o b ta in s  an LTE va lu e  o f  1.3 fo r  = 0 .2 5 ,
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log g = 4 .0 ,  I o b ta in  the  va lue  1.6  ( fo r  e(He) = 0.17 as used by Poland). 
Tills d iscrepancy  i s  probably  due to  d i f f e r e n c e s  in  the  model atmospheres 
and the  broadening th e o r ie s  employed in  the  two in v e s t ig a t i o n s .
(Poland uses the  broadening theory  o f  Barnard,, Cooper and Shamey [1969J.)
b) S t e l l a r  helium abundances
We are  now in  a p o s i t io n  to  d e r iv e  atmospheric he liu r .  abundances 
fo r  in d iv id u a l  s t a r s .  In the  l i g h t  o f  the  p reced ing  subsec tions  the 
l in e s  AA4009, 5047, 5875 and 6678 have been om itted  from these  
com puta tions . Figure 4 p re se n ts  the  mean lo g a ri th m ic  abundances 
as a fu n c tio n  o f  r e c ip ro c a l  e f f e c t i v e  tem pera tu re ;  
the  abundances and s tan d a rd  e r ro r s  a re  a lso  given in  th e  f i n a l  two 
columns o f  Table 6. The b a s ic  q u es t io n  we must ask i s  whether the re  
are  s ig n i f i c a n t  d i f f e r e n c e s  between s t a r s  in t h i s  sample. The answer 
i s  in  the  n e g a t iv e . The observed s c a t t e r  may be explained  by e r ro r s  
in  e f f e c t i v e  tem perature  and g ra v i ty  which a c t  s y s te m a t ic a l ly  on a l l  
measures fo r  any s t a r .  (Note t h a t  fo r  t h i s  reason  a s t a t i s t i c a l  t e s t  
such as the  F ish e r  F t e s t  on the  s t e l l a r  samples i s  in a p p l ic a b le  in  the 
p re sen t  in s ta n c e . )  Random e r r o r s  o f  A0„ = 0.01 o r A log g = 0 .2  are  
s u f f i c i e n t  to  ex p la in  the  s c a t t e r  seen in  Figure 4 as i s  shown by arrows 
in  the  f ig u r e .  These r e p re s e n t  e r r o r s  which correspond to  A6e = 0.01 
( r ig h t  arrow) or A log g = 0 .2  ( l e f t  a rrow ).
To determine the  mean helium abundance o f  the  e a r ly - ty p e  s t a r s  in 
the  s o la r  neighborhood an average was formed d i r e c t l y  fo r  a i l  measures 
excluding the  l in e s  AA4009, 5047, 5875 and 6678. This y ie ld s
e = 0.09 ± 0.015 ( s . e . )
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This e s tim a te  o f the  e r ro r  in c lu d es  the  e f f e c ts  o f p o ss ib le  sy stem atic  
e r ro rs  o f A6ß = 0 . 0 1  due to  e r ro rs  in  th e  pho tom etric  c a l ib r a t io n  o f  
Vega, and A log g = 0 .2  due to  u n c e r ta in t ie s  in  th e  hydrogen l in e ­
broadening th e o r ie s . These were determ ined by re p e a tin g  the  averaging  
p ro cess  w ith s y s te m a tic a lly  d i f f e r e n t  tem peratu res and g r a v i t i e s .
c) Comparison w ith  o th e r  abundance de te rm in a tio n s  
fo r  young P op u la tio n  I o b je c ts
The methods o f helium  abundance d e te rm in a tio n  fo r  young Popu la tion  
I o b je c ts  a re  b a s ic a l ly  th r e e fo ld .  They depend on observed param eters 
r e la te d  to  s t e l l a r  i n t e r i o r s ,  to  s t e l l a r  atm ospheres and to  the H II  
reg ions surrounding  very  ho t s ta r s  re s p e c t iv e ly .  The r e s u l t s  fo r  the  
f i r s t  and th i r d  methods have been adeq u a te ly  summarized by Morton (1968) 
and Palm er, Zuckerman, P e n f ie ld , L i l le y  and Mezger (1969). The p o s i t io n  
w ith  re s p e c t to  atm ospheric abundances seems to  have c r y s ta l l i z e d  in  
the  two years s in ce  Morton was unable to  choose between the  r e s u l t  o f 
e(He) = 0.15 ob ta ined  by M ihalas (1964) fo r  7 0 and B s t a r s ,  and the 
co n ten tio n  o f U nd erh ill (1966) th a t  the  value  lay  between 0.05 and 0 .1 0 . 
For th is  reason  I have compared th e  r e s u l t s  o f re c e n t in v e s t ig a t io n s  fo r  
the  th re e  methods in  th e  th re e  se c tio n s  o f Table 9. The f i r s t  column 
gives the  in v e s t ig a to r ,  th e  second a b r i e f  d e sc r ip tio n  o f th e  da ta  
employed, and the  th i r d  th e  r e s u l t in g  helium  abundance. S ec tio n  ( i)  
g ives the r e s u l t s  o f th e  a tm ospheric  abundances (p o st 1967). I have 
om itted  th e  r e s u l t s  of Scholz (1967) and M esserschm idt e t  a l . (1967) 
fo r  t Sco as having been superceded by th e  in v e s t ig a t io n  o f  Hardorp 
and Scholz (1970). S im ila r ly  th e  r e s u l t s  o f Baschek and N o rris  (1970)
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TABLE 9
RECENT HELIUM ABUNDANCE DETERMINATIONS FOR YOUNG POPULATION I OBJECTS
A utho rs Method e (He)
( i )  Abundances d e te rm in e d from s t e l l a r  a tm o sp h e re s
H yland  (1967) 
Shipman and S trom
He I X4713 in  10 l a t e  B s t a r s 0 .1 0 5
(1970a) He I A4471 in  10 l a t e  B s t a r s 0 .1 0
(1970b) He I A4471 in  94 B s t a r s 0 .1 1 3
B a rd o rp  and S c h o lz
(1970) Weak He I l i n e s  i n  t  Sco and
X Lep 0 .1 0
P r e s e n t  work 8 He I l i n e s  i n  14 B s t a r s 0 .0 9
( i i )  A bundances d e p e n d in g  on model i n t e r i o r  c o m p u ta t io n s  
P e rc y  and Demarque
(1967) P o s i t i o n  o f  0 C ephei s t a r s  in
HR d ia g ra m  0 .1 0
M orton  (1968) P o s i t i o n  o f  e c l i p s i n g  b i n a r i e s  r0 .077  (Z * 0 .0 2 )
in  t h e  m a s s - lu m in o s i ty  *0 .087  (Z = 0 .0 3 )
d ia g ra m
( i i i )  Abundances d e te r m in e d  f o r  r e c o m b in a t io n  l i n e s  in  H I I  r e g i o n s
(a )  O p t i c a l
M a th is  (1962) He I X5875 i n  ii 8 0 .1 1 3 1
M a th is  (1962) 
F a u lk n e r  and A l l e r
He I X5375 i n  M 20 0 .0 9 7 1
(1965) He I XX4026 and 4471 in  n C a r in a 0 .122
P a lm er  e t  a l . (1969) He I AA4026, 4471 and 5875 in
O rio n 0 .119
(b)  Radio
L i l l e y  e t  a l . (1966) 
Gordon and Meeks
He 156a , 158a, 159a i n  M17 0 .1 0
(1967) He 94a i n  O rion 0 .1 1
V i t k e v i t c h  (1967) He 104a i n  M17 0 .2 8
Goss (1968) He 158a in  M43 0 .063
Pa lm er  e t  a l . (1969) He 109a i n  5 o b j e c t s 0 ,0 8 4
A c c o rd in g  t o  F a u lk n e r  and  A l l e r  (1 9 6 5 ) .  
F o l lo w in g  Pa lm er  e t  a l . ( 1 9 6 9 ) .
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have been om itted  in  deference  to  th e  p re se n t in v e s t ig a t io n .  The d a ta  
in  the  ta b le  a re  in  good accord w ith a mean helium  abundance of 
e(He) = 0 .1 0 . In  s e c tio n s  ( i i )  and ( i i i )  o f  Table 9 the  r e s u l t s  o f 
the  o th e r two methods a re  g iven . For a d isc u ss io n  o f  th e se  d a ta  the  
re a d e r is  r e f e r r e d  to  th e  works o f Horton (1968) and Palmer e t  a l . 
(1969) m entioned above. I t  s u f f ic e s  to  say th a t  th e  th re e  methods 
y ie ld  r e s u l t s  c o n s is te n t  w ith  an abundance e(He) = 0.09 - 0 .1 0 .
VI. CONCLUSION
This work s u b s ta n t ia l ly  su p p o rts  th e  conclusion  o f  Johnson and 
Poland (1969) and Poland (1970) th a t  a lthough th e re  is  evidence fo r 
non-LTE e f f e c t s  in  th e  n e u tra l-h e liu m  l in e  p r o f i le s  w ith  upper quantum 
number n > 3 S th e  e q u iv a le n t w idths are l i t t l e  a f fe c te d  and may be 
used in  helium  abundance d e te rm in a tio n s  fo r  s ta r s  on o r near th e  main 
sequence. For XX4009 and 5047 th i s  r e s u l t  does n o t appear to  be v a lid  
though th e  d isc re p a n c ie s  a re  probab ly  n o t due to  non-LTE e f f e c t s .  For 
X4009 the  e r ro r  may be due to  e r ro r s  o f  com putation; fo r  X5047, 
e r ro rs  o f l in e  s tre n g th  measurement may cause th e  r e s u l t ,  though the 
fa c t  th a t  hardorp  and Scholz (1970) ob ta ined  a s im ila r  r e s u l t  fo r  th is  
l in e  in d ic a te s  th a t  th e  e f f e c t  may be r e a l .
Evidence i s  p re sen ted  th a t  th e  above conclusion  cannot be 
extended to  th e  l in e s  X5875 (2^P - 3^D) and X6678 (2*P - 3*D). I t  i s  
suggested  th a t  non-LTE e f f e c t s  a lone a re  n o t ab le  to  ex p la in  the  
d isc rep an cy .
118.
Individual stellar helium abundances have been determined for 14 
Population I stars. The scatter in abundance may be understood in 
terms of errors in the derived effective temperatures and gravities.
For the whole sample the mean abundance is e(He) = 0.09 ± 0.015 where 
the error includes possible systematic errors in the temperature and 
gravity determinations. A comparison of this result with other 
determinations of helium abundance in young Population I objects 
shows that the available methods are basically in agreement with an 
abundance for these objects of e(He) = 0.09 - 0.10.
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ADDENDA TO PAPER IV
HYDROGEN LINE PROFILES AND CONTINUA FOR THE 
GRID OF APPROXIMATE LINE-BLANKETED MODEL
ATMOSPHERES
124 .
I t  was f e l t  t h a t  the  hydrogen l in e  p r o f i l e s  and r e l a t i v e  energy 
d i s t r i b u t i o n s  employed in Paper IV - and in Papers V and VI which 
follow - may a lso  be o f  a s s i s ta n c e  to  o th e r  in v e s t ig a to r s .  For t h i s  
reason they  have been inc luded  in  t h i s  work.
Addendum I con ta in s  th e  l i n e  p r o f i l e s  o f  Hy and H6. They have 
been in te rp o la te d  in  the  p r o f i l e s  ob ta ined  fo r  the  model g r id  p o in ts  
and a re  given fo r  9^ = 0.16 (0.02) 0.44 and log g = 3.6 (0 .2 ) 4 .6 .  
Addendum II  p re se n ts  the  r e l a t i v e  energy d i s t r i b u t i o n s ,  a r b i t r a r i l y  
sca led  to  0 .0  a t  1/Ä = 2.83n These a re  given fo r  the  same 
tem peratures  as the  hydrogen l in e  p r o f i l e s  bu t with log g = 3 .5 ,  4 .0  
and 4 .6 .
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ADDENDUM I
HYDROGEN LINE PROFILES (RESIDUAL INTENSITY, SCALED 3Y THE FACTOR 1000)
log 3
Hy(AA A) H6(AA A)
1 ‘ 2 * 3 - 5 - 8 . 10. 15. 1. 2 . 3. 5 . 8 . 10. 15.
•16 3 .6  800 879 925 968 987 992
3 .8  772 350 899 951 980 987
4 .0  747 823 874 933 971 981
4 .2  729 301 852 915 960 973
4 .4  714 782 832 898 949 965
4 .6  701 765 813 880 936 955
•18 3 .6  738 829 886 944 977 985
3 .8  713 798 857 923 965 978
4 .0  692 773 831 902 953 968
4 .2  675 752 808 883 939 959
4 .4  660 732 786 863 925 948
4 .6  646 714 767 843 910 936
997 793 876 924 967 987 992 997
995 752 844 896 950 980 987 995
992 735 814 868 331 970 981 992
989 715 791 845 912 959 974 989
985 699 770 823 893 946 965 984
980 687 752 802 874 933 954 979
994 727 823 883 944 977 986 994
990 698 789 851 921 965 977 991
986 675 761 822 898 952 968 986
982 658 738 798 876 937 958 982
976 642 717 775 855 922 947 976
969 628 698 753 833 905 933 968
.20
.22
.24
3 .6  
3 .8  
4 .0  
4 .2  
4 .4
4 .6
704 801 862 928 963 979 991 
686 771 832 905 954 970 987 
673 749 806 881 940 959 982 
657 730 784 861 925 948 976 
642 712 764 841 909 936 969 
629 696 746 821 892 922 961
690 793 857 925 967 979 992 
669 760 824 901 953 969 988 
654 734 795 876 938 958 982 
637 713 771 853 922 946 976 
622 694 749 831 904 933 969 
608 677 729 809 886 918 960
3 .6  685 776 835 905
3 .8  665 746 805 882
4 .0  648 720 777 858
4 .2  635 701 756 837
4 .4  624 684 737 816
4 .6  614 670 718 795
956 971 988 667 764 
941 960 983 644 731 
925 949 977 626 703 
908 935 970 612 682 
890 921 962 600 664 
872 906 952 590 648
825 901 954 970 988 
794 876 939 959 983 
764 851 922 947 977 
741 828 904 933 969 
720 805 885 918 961 
699 782 865 901 951
3 .6  648 734 797 881
3 .8  631 708 770 857
4 .0  616 686 745 833
4 .2  605 668 724 810
4 .4  595 652 704 787
4 .6  587 638 686 765
942 961 984 628 719 
926 950 978 608 691 
908 936 971 592 666 
890 922 963 579 647 
870 905 953 569 629 
849 887 942 560 614
787 876 941 961 984 
757 850 924 949 978 
730 824 906 935 971 
707 799 885 919 962 
685 775 864 902 952 
664 751 842 882 941
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ADDENDUM I (continued)
log g
Hy(AA A) H6(AX A)
X* 2> 3 - 5 - 8 - 10. 15. 1. 2 . 3. 5 . 8 . 10. 15
3 .6  618 701 768 861 931 954
3 .8  599 675 740 834 912 940
4 .0  584 654 714 808 892 924
4 .2  573 636 692 783 871 907
4 .4  564 620 672 759 850 889
4 .6  556 607 654 737 827 869
980 5S4 664 757 855 929 954 980 
973 574 656 726 826 910 939 973 
964 557 632 698 798 888 922 965 
955 546 613 674 771 866 905 954 
944 536 596 652 746 843 885 943 
930 528 581 632 721 319 864 930
3 .6  592 676 745 843 920 946
3 .8  571 649 714 813 898 929
4 .0  554 624 686 784 875 911
4 .2  544 607 664 758 853 893
4 .4  535 592 644 734 830 873
4 .6  527 578 626 711 806 851
977 568 658 733 837 918 946 977 
968 545 628 699 804 895 928 968 
957 526 602 668 773 871 909 958 
946 515 583 644 745 847 889 946 
934 505 566 622 719 822 868 933 
919 497 552 602 694 797 846 918
3 .6  565 650 720 823 907 937
3 .8  545 622 688 791 883 918
4 .0  527 597 659 760 858 898
4 .2  517 580 637 734 834 878
4 .4  509 565 617 709 310 856
4 .6  501 552 600 686 785 833
972 540 630 706 816 905 936 972 
962 517 599 671 781 880 917 962 
950 498 573 640 748 853 895 951 
938 487 554 616 720 328 874 938 
924 478 538 594 693 802 851 923 
903 470 524 575 668 775 827 907
3 .6  536 620 691 798 891 925
3 .8  520 596 662 768 867 906
4 .0  506 575 637 739 842 886
4 .2  497 558 615 712 817 864
4 .4  489 544 596 688 792 841
4 .6  482 531 579 665 766 817
966 509 598 675 790 889 924 967 
956 491 572 644 757 863 904 956 
944 476 549 616 726 837 882 944 
930 466 531 593 698 810 860 930 
915 457 515 572 671 784 336 914 
898 449 502 553 645 756 810 897
3 .8
4 .0
4 .2
4 .4
4 .6
506 589 661 774 874 913 959 
493 568 635 744 850 893 949 
483 550 612 716 825 872 936 
474 533 590 689 7S8 848 921 
467 520 571 664 771 824 904 
460 508 554 640 745 798 886
477 567 644 765 872 912 961 
464 544 615 733 846 891 949 
452 523 589 702 819 869 936 
442 506 566 673 791 844 921 
434 490 546 646 763 818 903 
426 477 528 620 734 791 884
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ADDENDUM 1 (continued)
Hy(AX A) H6(AA A)
log  g ---------------------------------------------------------------------------------
1 . 2 . 5 . 5 . 8 . 1 0 . 15 . 1 . 2 . 3 . 5 . 8 . 1 0 . 1 5 .
3 .6 473 556 630 749 858 901 953 445 533 613 740 856 900 955
3 .8 462 536 604 718 832 879 942 434 511 584 707 829 878 943
4 .0 453 518 581 689 805 856 928 425 491 558 675 799 854 928
4 .2 447 502 560 661 777 831 911 416 474 535 645 770 827 912
4 .4 441 490 540 635 748 804 892 408 460 514 616 739 798 892
4 .6 435 481 523 610 719 776 872 401 449 496 589 708 769 870
3 .6 443 523 599 723 841 888 947 413 500 581 715 840 888 949
3 .8 434 504 572 692 813 864 934 402 479 551 680 810 864 935
4.Ü 427 488 549 661 784 839 918 394 460 525 646 779 837 919
4 .2 419 474 527 631 753 811 899 386 445 504 615 746 808 901
4 .4 412 462 509 604 723 782 879 378 451 484 585 713 777 879
4 .6 406 450 496 579 691 752 855 372 419 468 558 680 744 853
3 .6 415 494 569 697 823 873 939 384 468 550 688 821 874 941
3 .8 405 474 543 664 792 847 924 372 447 521 652 789 847 926
4 .0 396 457 519 632 760 819 906 363 429 495 617 755 818 908
4 .2 388 443 498 602 728 789 885 355 413 472 585 720 786 887
4 .4 382 430 480 575 696 758 862 349 399 452 555 686 752 862
4 .6 377 419 464 550 663 726 836 343 388 435 528 651 718 834
3 .6 390 467 541 669 802 857 930 358 440 520 659 800 858 933
3 .8 380 445 515 635 768 828 913 347 418 492 622 765 828 915
4 .0 372 425 492 603 734 797 892 338 397 467 587 729 796 895
4 .2 364 414 471 574 701 765 869 332 382 445 556 692 760 870
4 .4 359 402 452 547 668 732 843 325 370 423 527 656 725 843
4 .6 354 392 434 524 635 699 814 320 361 404 501 622 690 811
3 .6 372 443 514 641 778 838 920 340 416 491 629 777 840 923
3 .8 363 426 489 606 742 807 900 330 398 464 592 739 806 903
4 .0 355 412 468 574 707 773 877 322 382 442 557 700 771 879
4 .2 348 398 450 546 671 737 850 315 367 422 526 662 732 851
4 .4 343 387 434 521 638 703 820 310 355 405 499 626 695 820
4 .6 339 379 420 501 608 670 789 305 347 391 476 592 659 786
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ADDENDUM I I
RELATIVE ENERGY DISTRIBUTIONS  ( - 2.5  l o g  +  CONST)
1 / X ( p _ 1 )
0
e l o g  g 3.03 2.83 2 . 74“ 2 . 74+ 2.50 2.34 2.17 1.89 1.67 1.25
.16 3.5 - .101 .0 .049 - .052 .099 .211 .340 .598 .826 1.382
4 .0 - .101 .0 .050 - .0 9 6 .062 .179 .314 .579 .811 1.371
4 .6 - .102 .0 .051 - .119 .044 .165 .303 .573 .809 1.373
.18 3.5 - .091 .0 .046 - .121 .026 .136 .267 .520 .746 1.293
4 .0 - .089 .0 .046 - .172 - .021 .094 .227 .485 .713 1.257
4 .6 - .090 .0 .047 - .195 - .042 .076 .211 .476 .706 1.255
.20 3.5 - .080 .0 .043 - .172 - .0 3 3 .074 .198 .443 .662 1.193
4 .0 - .077 .0 .042 - .2 2 3 - .0 8 0 .030 .156 .405 .625 1.153
4 .6 - .078 .0 .043 - .248 - .101 .012 .142 .395 .617 1.148
.22 3.5 - .066 .0 .038 - .233 - .101 .002 .121 .356 .567 1.076
4 .0 - .064 .0 .037 - .285 - .152 - .046 .074 .313 .525 1.035
4 .6 - .064 .0 .037 - .310 - .1 7 4 - .065 .059 .302 .516 1.028
.24 3.5 - .054 .0 .034 - .312 - .1 9 0 -.091 .024 .253 .456 .952
4 .0 - .054 .0 .033 -  .356 - .2 3 3 - .131 - .014 .218 .423 .919
4 .6 - .0 5 6 .0 .033 - .384 - .255 - .150 - .031 .204 .411 .910
.26 3.5 - .046 .0 .030 - .3 8 5 - .271 - .175 - .0 6 4 .158 .358 .845
4 .0 - .047 .0 .029 - .433 - .315 - .217 - .105 .119 .318 .802
4 .6 - .050 .0 .029 - .4 6 3 - .338 - .238 - .1 2 3 .104 .306 .792
.28 3.5 - .042 .0 .027 - .443 - .333 - .2 4 0 - .131 .085 .280 .757
4 .0 - .042 .0 .024 - .512 - .398 - .3 0 4 - .195 .022 .215 .686
4 .6 - .045 .0 .024 - .542 - .421 - .324 - .213 .006 .202 .675
.30 3.5 - .038 .0 .023 - .508 - .402 - .311 - .206 .004 .194 .660
4 .0 - .036 .0 .019 - .592 - .481 - .390 - .285 - .0 7 6 .111 .571
4 .6 - .038 .0 .019 - .621 - .503 - .4 1 0 - .3 0 3 - .091 .098 .560
.32 3.5 - 0.030 .0 .017 - .605 - .497 - .409 - .308 - .1 0 6 .077 .529
4 .0 - 0.028 .0 .014 - .668 - .5 5 9 - .471 - .369 - .1 6 6 .015 .464
4 .6 - 0.029 .0 .014 - .697 - .5 8 0 - .490 - .387 - .181 .002 .452
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ADDENDUM II  ( continued )
i / xCm"1)
0e x°g  g
3.03 2.83 2 . 74 “ 2 . 74+  2 .50  2.34 2.17 1.89 1 .67 1 .25
.34 3.5 - .020 .0 .011 - .705  - .605  - .521 - .423 - .229 - .052 .382
4 .0 - .018 .0 .009  - .7 4 9  - .642  - .558 - .4 5 8 - .262 - .085 .352
4.6 - .018 .0 .009  - .777  - .6 6 4  - .5 7 6 - .476 - .2 7 6 - .099 .340
.36 3.5 - .008 .0 .005  - .8 1 6  - .715  - .6 3 6 - .545 - .3 5 9 - .189 .234
4 .0 - .007 .0 .004  - .8 4 3  - .738  - .657 - .5 6 0 - .370 - .199 .226
4 .6 - .006 .0 .004  - .8 6 8  - .7 5 8  - .674 - .576 - .3 8 4 - .211 .215
.38 3.5 .005 .0 - .001  - .9 2 3  - .830  - .756 - .669 - .491 - .328 .083
4 .0 .006 .0 - .001  - .950  - .8 4 6  - .769 - .6 7 8 - .496 - .330 .083
4 .6 .007 .0 - .001  - .972  - .863  - .784 - .692 - .506 - .3 4 0 .074
.40 3.5 .018 .0 - . 007 - 1.031  - .942  - .872 - .7 9 0 - .619 - .461 - .062
4 .0 .019 .0 - . 007 - 1.062  - .967  - .894 - .808 - .6 3 4 - .474 - .072
4 .6 .019 .0 - . 007 - 1.078  - .9 7 9  - .905 - .817 - .6 4 0 - .479 - .077
.42 3.5 .031 .0 - . 012 - 1 . 131 - 1.046  - .979 - .901 - .735 - .582 - .193
4.0 .031 .0 - . 012 - 1 . 167 - 1 . 077 - 1.007 - .925 - .758 - .603 - .212
4 .6 .031 .0 - . 012 - 1 . 176 - 1 . 082 - 1.012 - .928 - .759 - .603 - .212
.44 3.5 .042 .0 - . 017 - 1 . 216 - 1 . 132 - 1.066 - .993 - .832 - .683 - .302
4 .0 .042 .0 - . 017 - 1 . 238 - 1 . 149 - 1.080 - .999 - .8 3 5 - .684 - .302
4 .6 .041 .0 - . 017 - 1 . 236 - 1 . 145 - 1.076 - .995 - .8 3 0 - .679 - .298
NEUTRAL-HELIUM LINE STRENGTHS. V.
THE WEAK HELIUM-LINE STARS OF POPULATION I
JOHN NORRIS
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ABSTRACT
E ffe c tiv e  tem p e ra tu res , g r a v i t ie s  and apparen t helium  d e f ic ie n c ie s  
have been determ ined fo r  12 w eak-helium -line s t a r s .  Compared w ith 
normal P o p u la tion  I s ta r s  th ese  s ta r s  a re  ap p aren tly  helium  d e f ic ie n t  
by fa c to r s  o f  2-15.
The s ta r s  s tu d ie d  do not form a homogeneous group w ith  regard  to  
the  l in e  s tre n g th s  o f  o th e r e lem en ts . Three s ta r s  - 3 Sco, HD 144334 
and 162374 - appear to  be r e la te d  to  th e  Si X4200 s t a r s ,  having Si I I  
l in e  s tre n g th s  in te rm e d ia te  between normal and those  found in  the  
Si X4200 s t a r s . Lines o f phosphorus a re  p re se n t in  four o f th e  sample - 
i Ori B, 3 Cen A, HD 144661 (p robab le) and 144844.
The w eak-helium -line  s ta r s  occupy a r e s t r i c t e d  range in  e f fe c t iv e  
tem peratu re  (0.25 < 6^ s 0 .35) and d e fin e  a boundary in  the  
(8o , log g )-p la n e  s t r e tc h in g  from 0^ = 0 .2 5 , log  g = 4 .4  to  0^ = 0 .35 , 
log g = 3 .5 . I t  is  suggested  th a t  th e  p o s i t io n  o f  th ese  s t a r s  in th i s  
p lane i s  c o n s is te n t  w ith  the  hy p o th esis  p re sen ted  by Michaud th a t  th e  
helium  weakness in  th e  p e c u lia r  s t a r s  i s  due to  th e  p r e f e r e n t ia l  d if fu s io n  
o f n e u tra l  helium .
I .  INTRODUCTION AND STARS OBSERVED 
Several in v e s t ig a to r s  have shown th a t  th e  m a jo rity  o f  e a r ly - ty p e  
s ta r s  o f  P opu la tion  I have n e u tra l-h e liu m  l in e  s tre n g th s  which lead  to  
an atm ospheric  helium  abundance in  th e  range 0.09 < e(He) < 0.11 
[here  e(He) -  N(He)/N(H)] (Hyland 1967a; Shipman and Strom 1970a, b; 
Hardorp and Scholz 1970; N o rris  1970a, h e r e in a f te r  r e fe r re d  to  as
152.
Paper IV). In what follows these stars are referred to as the normal 
stars of Population I. On the other hand, the existence of the small 
group of little understood peculiar stars in which the helium lines 
are weak compared with those in normal stars of similar color places 
limits on the credibility of spectroscopic helium abundances.
The Population I group of such stars comprises the Si X4200 stars 
(Searle and Sargent 1964), the Mn stars1 and the rather amorphous 
group of weak-helium-line stars (Sargent and Strittmatter 1966).
Searle and Sargent (1964) first suggested that the weak-helium-line 
stars are in fact an extension of the Ap stars to high temperatures.
The Si X4200 stars and the Mn stars have already been investigated 
elsewhere (Searle and Sargent 1964; Auer, Mihalas, Aller and Ross 
1966; Hyland 1967a). This paper presents an investigation of twelve 
weak-helium-line stars. The first aim of this work is to provide a 
quantitative description of the helium weakness of these stars and the 
behaviour of other elements compared with normal stars. The second is 
to relate them to the remainder of the Ap stars. In particular it is 
important to establish if these stars are bounded in the (effective 
temperature, gravity)-plane as was demonstrated for the other Ap stars 
by Searle and Sargent (1967) . They correlated the bounding of the 
different peculiarity types with the various regions of importance of
1 Searle and Sargent (1964) reported that, with the exception of < Cnc, 
the Mn stars have lines of He I that are only slightly weaker than in 
normal stars of similar color. Auer, Mihalas, Aller and Ross (1966), 
however, in an analysis of 55 Tau, found that helium was apparently 
deficient by a factor of five. We shall reconsider this problem, in 
§ V(b) .
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su rfa ce  convection  - though they  could o f f e r  no causa l connection  between 
th e  two. Hyland (1967a, b ) , however, showed th a t  most o f the  Si X4200 
s ta r s  appear to  be on the ev o lu tio n a ry  tra c k  o f  a 4 .5  M s t a r .
At the  tim e o f w ritin g  th e re  a re  about 2 dozen s ta r s  which have 
been suggested  to  be w eak-helium -line s ta r s  (Jasch ek , Jaschek and Arnal 
1969). When th i s  work was undertaken  th e re  were about 16. Thus the 
12 program s ta r s  re p re se n t a la rg e  p ro p o rtio n  o f th e  w eak-helium -line 
group. The s ta r s  th a t  were observed a re  l i s t e d  in  Table 1. The f i r s t  
column gives the s t a r  name, th e  second the  HD number, th e  th i r d  the  
source o f th e  id e n t i f i c a t io n  as w eak -h e liu m -lin e , th e  fo u r th  the 
apparen t v is u a l m agnitude, th e  f i f t h  and s ix th  th e  co lo rs  U-B and B-V 
and th e  f in a l  column th e  source o f th e  c o lo rs .  Five o f th e  s ta r s  - 
HD 36629, 37058, 37129, 37807 and i Ori B - a re  th e  ’c la s s ic a l*  weak- 
h e liu m -lin e  s ta r s  o f  th e  Orion I A sso c ia tio n ; fo u r s ta r s  - 3 Sco,
HD 144334, 144661 and 144844 - a re  members o f  th e  Upper Scorpius Complex 
and a re  d esc rib ed  by G arrison  (1967) as having in c o n s is te n t  sp e c tra  and 
c o lo rs ; HD 162374 is  th e  b lu e s t  member o f th e  c lu s te r  NGC 6475; 3 Cen A 
is  a member o f th e  S co rp iu s-C entaurus A sso c ia tio n ; and a Scl is  a 
f i e ld  s t a r .
In § I I  th e  o b serv a tio n s  o f  continuum and hydrogen l in e  p r o f i le s  
are p re sen ted  fo r  th e  program s ta r s  to g e th e r  w ith  th e  d e r iv a t io n  o f the  
atm ospheric param eters - re c ip ro c a l  e f f e c t iv e  tem p era tu re , 0 (= 5040/T )
and the  e f f e c t iv e  su rface  g ra v i ty ,  g . These param eters a re  used in  
§ I I I  in  co n junction  w ith th e  observed helium  l in e  s tre n g th s  to  determ ine 
the apparen t helium  d e f ic ie n c ie s  o f th e  program s t a r s .  The dependence
1 3 4 ,
TABLE 1
THE PROGRAM WEAK-HELIUM-LINE STARS
Name
(1)
HD
(2)
A u tho r
(3)
V
(4)
U-B
(5)
B-V
(6)
Source*  
o f  c o l o r s  
(7)
a S c l 5737 Jugaku  and S a r g e n t  ( 1 9 6 1 )4 .3 0 - .5 5 - .1 7 a
36629 McNamara and L a rs s o n
(1962) 7 .6 4 - .6 8 + .02 b
i O r i  B 37043B S l e t t e b a k  (1963) 7 .3 • • • • • .
37058 S h a r p l e s s  (1952) 7 .3 4 - . 7 4 - .1 6 b
37129 S h a r n le s s  (1952) 7 .1 3 - .7 3 - .1 4 b
37807 McNamara and L a rsso n
(1962) 7 .8 9 - .6 5 - .0 9 b
3 Cen A 120709 Bidelm an (1960) 4 .3 1 - .5 9 - .1 3 a
3 Sco 142301 G a r r i s o n  (1967) 5 .8 6 - .5 8 - .0 6 c
144334 G a r r i s o n  (1967) 5 .92 - .5 6 - .0 8 c
144661 G a r r i s o n  (1967) 6 .3 2 - .5 2 - .0 6 c
144844 G a r r i s o n  (1967) 5 .8 8 - .3 2 + .02 c
162374 Hyland (1967a) 5 .8 9 - . 6 4 - .0 8 d
*a) C ous in s  and S to y  (1 9 6 3 ) .
b) S h a r p l e s s  ( 1 9 6 2 ) .
c) G a r r i s o n  ( 1 S 6 7 ) .
d) Hoag, J o h n s o n ,  I r i a r t e ,  M i t c h e l l ,  H allam  and S h a r p l e s s  (1 9 6 1 ) .
o f  t h e  l i n e  s t r e n g t h s  o f  s e v e r a l  e le m e n ts  h e a v i e r  th a n  h e l iu m  on t h e  
d e r iv e d  e f f e c t i v e  t e m p e r a t u r e  i s  c o n s id e r e d  i n  § IV. The p o s i t i o n  o f  
t h e  w e a k - h e l iu m - l in e  s t a r s  in  t h e  (0ß , lo g  g ) - p l a n e  and i t s  
i m p l i c a t i o n s  a r e  d i s c u s s e d  i n  § V .
I I .  THE ATMOSPHERIC PARAMETERS 0 AND LOG ge &
In th e  B s t a r s  t h e  con tinuum  and th e  h y d ro g en  l i n e  p r o f i l e s  a r e  
good i n d i c a t o r s  o f  e f f e c t i v e  t e m p e r a t u r e  and g r a v i t y  r e s p e c t i v e l y .
In  t h i s  s e c t i o n  th e  o b s e r v a t i o n s  o f  c o n t i n u a  and t h e  hydrogen  l i n e
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p r o f i l e s  o f  Hy and H6 a re  p re sen ted , and a re  in te rp re te d  in  term s o f 
model atm osphere com putations to  determ ine th e  e f f e c t iv e  tem peratu res 
and su rfa c e  g r a v i t ie s  o f  the  program s t a r s .
a) Obse rv a tio n a l m a te r ia l
The o b se rv a tio n a l m a te r ia l was ob ta in ed  a t  Mount Stromlo during  
1967-69. I t  com prises continuum m easures over th e  range AA3400-5600 
made using  th e  p h o to e le c tr ic  spectrum  scanner a tta ch e d  to  th e  50-inch 
te le sc o p e , and photograph ic  sp e c tra  over th e  range AA3900-4800 using  
th e  32-inch  camera o f th e  coudd sp ec trog raph  o f  th e  74-inch  te le sc o p e .
This pho tograph ic  m a te r ia l c o n s is ts  o f  bo th  d i r e c t  and im age-tube
2 -1 s p e c tra .  Tne d isp e rs io n s  used were 6 .7  and 10.2 A ran . The image
tube was used only to  o b ta in  sp e c tra  o f th e  f a in te r  Orion s ta r s  in
the  wavelength reg io n  AA4300-4500. Ä s e r ie s  o f  such sp e c tra  was
taken when, a f t e r  an i n i t i a l  su rv ey , i t  was found th a t  fo u r o f  th ese
s ta r s  - HD 36629, 37058, 37129 and 37807 were n o t obv iously  helium
weak. In th e  fo llow ing  se c tio n s  care  w il l  be taken to  s ta t e  which o f
th e  d a ta  are  taken  from im age-tube s p e c tra .  The d e ta i l s  o f  the
procedures o f o b se rv a tio n  and re d u c tio n  o f  th e  continuum measures and
th e  sp e c tra  have been d e sc rib ed  in  some d e ta i l  in  Paper IV and w ill
hence no t be rep ea ted  h e re .
For n in e  o f th e  program s ta r s  th e  continuum m agnitudes, norm alized 
to  A5556, a re  given in Table 2. The number o f  o b se rv a tio n s  o f  each s t a r  
i s  given in  th e  f in a l  row o f  th e  t a b le .  In reduc ing  th e  o b serv a tio n s
2 The RCA tw o-stage image tube was on loan  from th e  Department o f 
T e r r e s t ia l  Magnetism o f  the  C arnegie I n s t i tu t io n  o f  W ashington.
1 3 6 .
TABLE 2
CONTINUOUS ENERGY DISTRIBUTIONS (-2 .5  log Fv + C)
- 1 .
S ta r  Name or HD Number
•/Ain )
a Scl 36629 37058 37129 3 See 144334 144661 144844 162374
2.95 .15 .19 -.19 - .07 .21 .23 .30 .65 .10
2.90 .14 .15 - .1 9 -.07 .20 .22 .31 .64 .11
2.85 .15 .17 -.17 - .0 7 .20 .22 .32 .64 .12
2.80 .16 .20 - .16 - .0 6 .21 .23 .31 .63 .14
2.75 .16 .21 - .14 - .03 .21 .22 .30 .62 .12
2.70 .12 .20 - .1 3 -.02 .19 .21 .29 .60 .11
2.48 -.47 -.15 -.43 - .3 8 -.28 -.32 -.28 -.21 - .36
2.40 -.42 -.14 -.40 -.38 - .24 -.28 -.25 - .19 -.32
2.35 -.40 -.15 -.39 - .38 - .2 5 -.28 -.25 - .1 9 - .3 0
2.24 -.33 -.09 -.29 -.27 - .2 0 -.23 -.21 -.15 -.23
2.19 - .3 0 -.12 -.29 -.28 -.18 - .2 0 -.18 - .14 -.21
2.09 -.25 -.05 -.21 - .19 -.12 -.14 -.14 - .10 - .1 6
2.00 -.18 .00 -.13 - .1 3 -.07 -.08 -.08 -.06 -.09
1.90 -.09 .01 -.08 -.07 -.02 -.01 - .03 -.01 -.02
1.80 .00 .00 .00 .00 .00 .00 .00 .00 .00
n* 3 1 5 2 5 7 4 5 5
* Number o f  o b se rv a t io n s .
the  Hayes c a l i b r a t i o n  o f  a Lyr has been adopted (Hayes 1967). The da ta  
in Table 2 a re  es tim ated  to  have an in te r n a l  accuracy o f 0.02 mag. The 
s t a r s  fo r  which measures are  n o t given are  \ Ori B, HD 37807 and 3 Cen A.
The p r o f i l e s  o f  the  hydrogen l in e s  Hy and H6 are  given in  Table 3. 
These p r o f i l e s  r e p re se n t  the  average over red and b lue  wings and the 
number o f  s p e c t r a  in d ic a te d  in  th e  second column o f th e  t a b l e .  In 
columns ( 3 ) - (IS) the  r e s id u a l  i n t e n s i t y  i s  ta b u la te d .  The measures 
fo r  HD 36629 and 37807 a re  based on image-tube m a te r i a l ,  while fo r
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HD 37129 the results of one direct spectrum and one image-tube spectrum 
are combined for the Hy profile. For all other profiles only direct 
spectra were used. For the image-tube material the profiles obtained 
from different spectra of the same star agreed to 2-4 per cent; for 
the other material the agreement was 1-2 per cent. A check for 
possible external errors in the profiles obtained by the author was 
reported in Paper IV for the comparison of the Hy profile of y Peg 
with that given by Wright, Lee, Jacobson and Greenstein (1964). The 
agreement was good, differences being of the order of one per cent.
There are two remarks to be made regarding the stars HD 144334, 
144844 and 162374. HD 144844 is a double-lined spectroscopic binary, 
the primary being about three times brighter than the secondary. The 
hydrogen line profiles are based on two plates taken when the lines 
were almost coincident. The five continuum observations which were 
averaged to give the results in Table 2 all agreed to within the 
accuracy of the measurement. Since the primary exhibits strong lines 
of P II and Ga II in its spectrum we will discuss the system in some 
detail in § IV(c) . HD 162374, and possibly 144334, appear to be 
spectrum variables. There were no apparent Balmer jump variations in 
the present continuum observations.
b) Effective temperatures and surface gravities 
The data presented in the preceding sub-section have been compared 
with model atmosphere computations for a grid of approximate ultraviolet­
line -blanke ted model atmospheres. The computations and the techniques 
used in obtaining the atmospheric parameters have been described in
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Paper IV where i t  was shown th a t  the models p rov ide  a good re p re se n ta tio n  
o f  th e  normal s t a r s .  The b a s ic  q u estio n  in  app ly ing  th ese  techn iques 
to  th e  w eak-helium -line  s t a r s  i s  w hether t h e i r  atm ospheres a re  
s u b s ta n t ia l ly  th e  same as those  o f  normal s t a r s .  For th e  o th e r  Ap s ta r s  
th e  answer w ith  reg a rd  to  th e  reg io n s  o f form ation o f  th e  continuum 
and th e  hydrogen l in e  p r o f i l e s  appears to  be in  the  a f f irm a tiv e  
(Hyland 1967b; Jugaku and S argen t 1968). We s h a l l  a s c e r ta in  i f  th i s  
i s  t ru e  fo r  th e  w eak-helium -line s t a r s .  There is  one fu r th e r  p o in t .
The helium  abundance used in  th e  model com putations was e(He) = 0 .1 1 .
A low er helium  abundance has l i t t l e  e f f e c t  on th e  tem peratu re  
s t r a t i f i c a t i o n  (D.C. Morton 1969, p r iv a te  communication) bu t w i l l  a f f e c t  
th e  p re s su re  s t r u c tu r e  th rough the  h y d ro s ta tic  e q u ilib riu m  eq u a tio n .
I t  may be shown th a t  fo r  model atm ospheres o f th e  m iddle to  la te  
B -type s ta r s  a change o f  e(He) from 0.1 to  0 .0  w il l  cause a change 
A log  p^ ^ -0 .05  in  th e  e le c tro n  p re s s u re , a t  c o n s ta n t e f f e c t iv e  
tem peratu re  and g ra v ity  ( c f . Hyland 1967a). Thus i f  we compare 
o b serv a tio n s  o f hydrogen l in e  p r o f i l e s  o f a helium  d e f ic ie n t  s t a r  
w ith  those  computed fo r  model atm ospheres o f normal helium abundance 
we w il l  underestim ate  th e  g ra v ity  by an amount o f up to  A log  g a, 0 .1 .
We s h a l l  b ea r th i s  in  mind when in te r p r e t in g  th e  g r a v i t ie s  o b ta ined  
fo r  th e  w eak-helium -line s t a r s .
For a l l  s t a r s  except i O ri B and HD 144844 th e  d a ta  in  Tables 2 
and 3 were compared d i r e c t ly  w ith  th e  model com putations to  determ ine 
e f f e c t iv e  tem p era tu res  and g r a v i t i e s . (For 3 Cen A th e  continuum 
m easures o f Rodgers and Hyland [Hardorp 1S66] was employed [ a f t e r
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correction to the Hayes system] in conjunction with the hydrogen line 
profiles of Table 3.) It was noted in Paper IV that small corrections 
were made to the observed continua of the normal stars to allow for 
the effect of absorption lines in the observation bands. These 
corrections were significant (>0.G2 mag.) in the bands 1/A = 2.48 
and 2.24 y  ^which contain the strong helium lines AX4026 and 4471 
respectively. In the present work the helium lines are generally 
weak. Accordingly, only in the case of the Orion stars HD 36629,
370S8 and 37129 which alone have helium line strengths comparable to 
those of normal stars were blanketing corrections applied. These 
corrections were of the order 0.02-0.04 mag. The derived effective 
temperatures and gravities are given in columns (2) and (4) of Table 4. 
Column (6) of the table presents the reddening applied in fitting the 
continuum measures, while for comparison the reddening derived by the 
Q-method of Johnson (1958) is given in the final column.
For HD 37807 the effective temperature given in Table 4 was 
determined using the (Q, 0 )-relation of Hyland (1967a) for stars on 
or near the main sequence. (Q = [U-B] - 0.72 [B-V^.) It was shown in 
Paper IV that the effective temperatures for 14 normal stars using 
the above techniques were in good accord with this relation. Using 
this effective temperature trie hydrogen line profile in Table 3 
was fitted to the computations to obtain the surface gravity.
No colors are available for i Ori B because of the brightness 
and proximity of i Ori A. An estimate of the effective temperature of 
B was made by utilizing the position of A in the HR diagram of the
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TABLE 4
EFFECTIVE TEMPERATURES, GRAVITIES AND INTERSTELLAR 
REDDENINGS OF THE PROGRAM STARS
S t a r
(1)
0e
(2)
A0e
(3)
lo g  g 
(4)
A lo g  g 
(5)
e b - v
(6)
eb - v (c»
(7)
a S c l .345 .005 3 .3 0 0 .1 .00 - . 0 3
HD 36629 .250 .005 4 .4 0 0 .2 .25 .25
i O r i  B .270 .02 4 .1 0 0 .2 • • • . . .
HD 37058 .245 .005 4 .4 5 0 .1 .05 .05
HD 37129 .260 .005 4 .4 0 0 .1 .07 .07
HD 37807 .280 .01 4 .5 0 0 .2 • • . . . .
3 Cen A .275 .005 4 .0 0 0 .1 .04 .04
3 Sco .300 .005 3 . SO 0 .1 .12 .12
HD 144334 .310 .005 4 .1 0 0 .1 .09 .09
HD 144661 .330 .005 3 .9 5 0 .1 .10 .10
HD 144844 .350 .02 4 .3 0 0 .2 .13 .13
HD 162374 .305 .005 3 .7 0 0 .1 .08 .11
O rio n  I A s s o c i a t i o n .  For t h e  members o f  t h e  Sword r e g i o n  o b s e rv e d  by 
S h a r p l e s s  (1962) a  p l o t  was made o f  Vq (= V - 6Er. y) v e r s u s  0 .  (Note 
t h a t  i O r i  A i s  i n c lu d e d  in  t h e  s t a r s  o b s e rv e d  b y  S h a r p l e s s . )  Assuming 
t h a t  B l i e s  on t h e  low er e n v e lo p e  d e f i n e d  by t h e  o t h e r  A s s o c i a t i o n  
members, t h e  m ag n i tu d e  s e p a r a t i o n  Am = 4 .5 3  mag. ( W a l le n q u i s t  1954) 
be tw een  t h e  two com ponents d e te r m in e s  0 f o r  3 . T h is  y i e l d s  Q ^  -0 .6 1  
and a p p ly in g  H y la n d ’s (Q, 0 ) - r e l a t i o n  0^ ^  0 . 2 7 .  U s ing  t h e  hydrogen  
l i n e  p r o f i l e s  o f  T a b le  3 t h e  g r a v i t y  i s  lo g  g = 4 . 1 .  An e r r o r  o f  
A6^ = ±0.02 .w i l l  c a u se  a change A lo g  g = +0 .2  in  t h i s  v a l u e .
In  t h e  above a n a ly s e s  good ag re e m e n t  was o b t a i n e d  i n  f i t t i n g  t h e  
o b s e rv e d  c o n t i n u a  t o  t h e  c o m p u ta t io n s .  For a l l  b u t  two s t a r s ,  HD 37058
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and 37129,, good f i t s  were a lso  ob ta ined  fo r  th e  hydrogen l in e  p r o f i l e s .  
(The u n c e r ta in ty  o f f i t t i n g  was A log g ^ 0.1 - 0 .2 .)  In th e  two 
cases mentioned th e  observed p r o f i le s  were co n sid e rab ly  deeper in  th e  
cores (AA < 4 A) than computed.
The atm ospheric  param eters o f the  prim ary o f HD 144844 a re  a lso  
given in  Table 4 . These w ill  be determ ined in  6 IV(c) a f t e r  we have 
d e sc rib ed  th e  spectrum  o f  th i s  o b je c t .  I t  s u f f ic e s  here to  say th a t  
in  o b ta in in g  th e se  param eters allow ance has been made fo r  th e  d u p l ic i ty .
A d isc u ss io n  o f th e  accuracy  o f th e  atm ospheric param eters derived  
u sin g  the  p re se n t techn iques has been given in  Paper IV. E stim ates o f 
the  in te rn a l  e r ro rs  in  the  de riv ed  e f f e c t iv e  tem peratu res and g r a v i t ie s  
in  th e  p re se n t work a re  given in  columns (3) and (5) o f Table 4 . These 
correspond to  estim ated  e r ro rs  in  th e  measured con tinua  and th e  hydrogen 
l in e  p r o f i l e s .  For most s ta r s  th e  e r ro rs  a re  A0fi = ±(0.005 - 0 .01) and 
A log g = ± (0 .1  - 0 . 2 ) .  The e f f e c t iv e  tem pera tu res and g ra v i t ie s  in 
th i s  work a re  based on th e  Hayes c a l ib r a t io n  o f a Lyr (Hayes 1967) and 
th e  Edmonds, S c h lü te r  and W ells (1967; h e r e in a f te r  re fe r re d  to  as ESW) 
th eo ry  o f hydrogen l in e  b roaden ing . P o ss ib le  e r ro rs  in  th e se  could 
lead  to  sy stem a tic  e r ro r s  in  th e  a tm osnheric  param eters o f A0^ = ±0.01 
and A log  g = ±0.2.
At th i s  p o in t i t  would be p o s s ib le  to  c o n s tru c t the (0^, log  g ) - 
diagram fo r the  program s t a r s .  I t  seems b e t t e r ,  however, to  d e fe r  th is  
p re s e n ta tio n  u n t i l  a f t e r  th e  d e te rm in a tio n  o f th e  apparen t helium  
abundances and th e  d e sc r ip tio n  o f th e  l in e  s tre n g th s  o f  o th e r h eav ie r 
elem ents in  th e se  s ta r s  and th e i r  r e l a t i o n  to  th e  Si A4200 s t a r s .
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In § V we s h a l l  re tu rn  to  co n sid er th e  p o s it io n  o f th e  w eak-helium -line 
s ta r s  in  th e  (0^ , log g )-p la n e .
I I I .  APPARENT HELIUM ABUNDANCES
There is  l i t t l e  q u a n t i ta t iv e  in fo rm atio n  about th e  helium  l in e  
s tre n g th s  in  th e  w eak-helium -line s t a r s ,  and only in  th e  case of 
3 Cen A has any e s tim a te  been made o f th e  apparen t atm ospheric helium  
abundance (Jugaku, Sargent and G reenste in  1961; Hardorp 1966; Hardorp, 
Bidelman and P rö lss  1968) . For th is  s t a r  th e  apparen t abundance is  
e(He) 0 .0 1 . In th e  p re se n t in v e s t ig a t io n  the  two n e u tra l-h e liu m  
l in e s  XX4387 and 4471 have been s tu d ie d . These l in e s  were chosen 
s in ce  d a ta  were a v a ila b le  fo r  a l l  s t a r s ,  moreover they  a re  r e p re s e n ta t iv e  
o f th e  o th e r helium l in e s  in  th a t  they  a re  members o f th e  s in g le t  and 
th e  t r i p l e t  s e r ie s  re s p e c t iv e ly .  I t  was found in  Paper IV th a t  the  
average abundances o b ta ined  from th e se  two l in e s  were e(He) = 0.09 fo r  
X4387 and 0.085 fo r  X4471. In th is  s e c tio n  th e  o b serv a tio n s  and 
apparen t abundances a re  given fo r  th e se  l in e s  in  th e  w eak-helium -line 
s ta r s  and a re  compared w ith th e  r e s u l t s  in  normal s t a r s .
The measured eq u iv a len t w idths o f XX4387 and 4471 a re  given in  
columns (2) and (3) o f Table 5. The numbers o f  s p e c tra  upon which 
th e se  r e s u l t s  a re  based a re  given in  columns (4 ) -(6 )  o f th e  ta b le .
Column (4) g ives th e  number o f d i r e c t  sp e c tra  and p e r ta in s  to  both  
l in e s ,  w hile columns (5) and (6) g ive th e  number o f im age-tube sp e c tra  
o f XX4387 and 4471 r e s p e c t iv e ly .  In averag ing  the  measures only h a l f  
w eight was assigned  to  th e  im age-tube d a ta . For a d isc u ss io n  o f th e
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TABLE 5
HELIUM LINE STRENGTHS AND APPARENT ABUNDANCES FOR 
THE WEAK-HELIUM-LINE STARS
e (He)
Star
U)
W(4387)
(2)
W (4471) 
(3)
V
(4)
V
(5)
n3*
(6)
4387
(7)
4471
(8)
A log e(He)
O)
a Scl 180 390 2 .025 .020 -0.64
HD 36629 805 1550 • • 2 3 .060 .055 -0.22
i Ori B 75 240 3 • . • . .005 .005 -1.24
HD 37058 685 1210 2 2 4 .045 .030 -0.38
HD 37129 925 1605 1 1 4 .085 .060 -0.09
HD 37807 610 1245 • . 2 3 .050 .045 -0.26
3 Cen A 320 715 2 .015 .015 -0.77
3 Sco 195 350 4 .010 .010 -0.94
HD 144334 160 220 2 .010 .005 -1.09
HD 144661 145 270 2 .010 .010 -0.94
HD 144844A £30 105 3 £ .005 !' .005 + £l .24
HD 162374 210 480 5 .010 .015 -0.85
* - number of direct spectra, n^ - number of image-tube measures of
A4387, - number of image-tube measures of A4471.
t In determining the abundances the equivalent widths have been
multiplied by a factor 1.3 to allow for the presence of the secondary. 
See § IIICc) .
accuracy of these measures the reader is referred to Paper IV. The 
results based on direct spectra should be accurate to 5-10 per cent.
In the present work an analysis of the internal agreement between the 
image-tubo measures of the same star shows that these data give results 
which have an average standard error of 11 per cent.
These results may be compared with helium line strengths in normal 
stars and the Si A4200 stars. Table 6 contains the line strengths of
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TABLE 6
EFFECTIVE TEMPERATURES, GRAVITIES AND EQUIVALENT WIDTHS (mA) FOR
10 NORMAL AND 14 SI X42Ö0 STARS
He I Si II Si III Mg II C IIStar e e log g X4471 X4130 X4552 X4481 X4267
CD (2) (3) (4) (5) (6) (7) (3)
(i) Normal + 1 stars
Y Peg .242 3.90 1210 40 140 170 190
9 Oph .243 3.90 1185 40 150 165 150
X Cen .260 4.05 1470 40 90 170 210
k Cen .265 3.90 1390 55 110 200 200
a Tel .299 4.00 1250 75 50 225 175
A Pup .300 3.80 1280 70 90 245 210
k Eri .363 3.60 585 150 25 310 95
i t  Cet .369 3.60 485 125 - 310 60
4> Sgr .390 3.65 410 140 - 360 30
Y Gru .396 3.65 360 135 - 335 40
(ii) Si X4200 stars1 2
HD 12767 .345 3.75 120 210 75 210 100
HD 25267 .377 3.80 185 425 95 330 105
HD 29305 .400 3.90 65 310 45 167 80
HD 54118 .425 4.10 300 35 370 <20
HD 73340 .315 4.05 90 380 115 200 <20
HD 74535 .325 4.05 150 230 80 200 80
HD 92664 .305 4.10 250 270 115 195 165
HD 134759 .395 3.65 125 325 45 315 65
HD 136933 .375 3.80 <20 330 65 320 145
HD 150549 .365 3.50 80 385 50 200 <20
HD 162725 .475 3.25 <10 460 265 <20
HD 203585 .400 4.35 <20 305 45 180 <10
HD 221006 .320 4.05 80: 200 35 185 65
85 370 90 190 45
HD 223640 .367 3.70 60 470 65 280
1 From Paper IV or measured from spectra described therein.
2 From Hyland (1967a); a blank space indicates that Hyland does not 
give a measure for this line.
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He I A4471 in  10 normal s ta r s  and 14 Si A4200 s t a r s .  Column (2) 
co n ta in s  th e  e f f e c t iv e  tem p era tu re , (3) the su rfa ce  g ra v ity  and (4) 
th e  eq u iv a len t w idth o f He I A4471. The r e s u l t s  fo r  the  normal s ta r s  
have been taken from Paper IV; th o se  fo r  the  Si X4200 s ta r s  a re  taken 
from Hyland (1967a). In  th e  l a t t e r  case th e  g r a v i t ie s  were ob ta ined  by 
f i t t i n g  hydrogen l in e  p r o f i le s  to  th e  model atm osphere com putations o f 
ivlihalas (1965) . S ince th e se  a re  based on th e  lin e -b ro ad en in g  theo ry  
o f Griem (1962) th e  g r a v i t ie s  given by Hyland have been in c reased  by 
h log g = 0 .2 to  p lace  them on the  ESW s c a le  adopted in  th is  work (see , 
e . g . ,  Olson [1968J , on th e  d if fe re n c e  between th e  two th e o r ie s ) .
The l in e  s tre n g th  o f  He I A4471 as a fu n c tio n  o f e f f e c t iv e  tem peratu re  
is  shown in  F igure  1. While th e  Si A4200 s ta r s  and most o f the  weak- 
h e liu m -lin e  s ta r s  c le a r ly  have l in e  s tre n g th s  th a t  a re  too weak fo r 
t h e i r  tem peratu re  (co lo r) th e re  a re  some w eak-helium -line s t a r s  fo r 
which th i s  does no t appear to  be t r u e .  Compared w ith  normal m ain-sequence 
st_ars o f  s im ila r  c o lo r th e  Orion s ta r s  HD 36629, 37058, 37129 and 37607 
-d-g -no t havu weak h e l ium l i n e s . I t  w ill  be r e c a l le d ,  however, th a t  th is  
group o f  s ta r s  i s  c h a ra c te r iz e d  by high  g ra v i t ie s  w ith log g ^ 4 .4 .
I t  o b ta in s  th a t  they  do have s l i g h t ly  weak helium  lin e s  fo r  t h e i r  
c o lo rs  and hydrogen l in e  s t r e n g th s .  This may be seen from the  
continuous l in e s  in  F igure  1 which correspond to  the  computed helium 
l in e  s tre n g th s  fo r  th e  th re e  g r a v i t ie s  log g = 3 .5 , 4 .0  and 4 .3  and 
an abundance e(He) = 0.085 (th e  va lue  de riv ed  from the  normal s t a r s ) .
Thus, w hile th e  observed l in e  s tre n g th s  fo r  th i s  group would be normal
fo r  log  g ^ 4 .0 , they  a re  s l i g h t ly  weak fo r  the observed h ig h e r g ra v i t ie s  
o f  log  g a, 4 . 4 .
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One may ask why these stars were classified as weak-helium-line. 
Sharpless (1952) was the first to comment on their helium line strengths. 
In describing HD 37058 and 37129 (in his investigation of the Orion I 
Association) he wrote:
’The helium lines in the spectrum are weaker than normal. This 
effect appears to be characteristic of certain stars situated 
near the bottom edge of the main sequence. Such stars should 
be discussed separately from normal main-sequence members.'
Since nis data comprised prism spectra of dispersion 125 A mm * (at Hy)
3and objective prism spectra it is conceivable that he was really
detecting the weakness of the helium lines relative to the hydrogen
lines. On the other hand the stars HD 36629 and 37807 were first
described as weak-helium-line by McNamara and Larsson (1962) from
grating spectra of dispersion 10 A mm They found:
’Three stars - HD 37807, 37058 and 36629 - appear to have
weak helium lines for the spectral types inferred from
their (U-B) colors.’ o
This description can only be reconciled with the present results if 
the stars have variable helium line strengths. (It would also explain 
the result of Sharpless.) While this cannot be discounted in view of 
the large variability of the helium line strengths in the B-type star 
a Cen (Jaschek, Jaschek, Morgan and Slettebak 1968; Jaschek, Jaschek 
and Kucewicz 1968; Norris 1968, 1970b [Paper VI]) it seems unlikely for 
the following reason. Of the 17 spectra obtained of these four stars 
in the present work no instance of helium weakness (compared to main- 
sequence stars of similar color) was found. It should be noted, too,
3  ~  ”
Sharpless does not indicate which of these alternatives pertain to 
the spectra of HD 37058 and 37129.
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th a t  no two s p e c tra  o f th e  same s t a r  were ob ta ined  on the  same n ig h t 
and th a t  a l l  s ta r s  were observed in  1967-68 and 1968-69. Moreover,
S tew art (1955) and S iev e rs  (1969) have both  re p o rte d  ’no rm al' helium  
l in e  s tre n g th s  in HD 37058; Morgan and Loden (1966) c l a s s i f i e d  
HD 37123 as B2 V. This d ivergence o f  r e s u l t s  se rv es  to  emphasize the
n e c e s s i ty  fo r  q u a n t i ta t iv e  e s tim a te s  o f th e  helium  l in e  s tre n g th s  in
4th e  w eak-helium -line  s t a r s .  '
He may use th e  observed l in e  s tre n g th s  and th e  e f f e c t iv e  tem peratu res 
and g r a v i t ie s  to  determ ine the  apparen t atm ospheric  helium  abundances 
o f  the  w eak-helium -line  s t a r s .  This has been achieved by comparing the  
observed eq u iv a len t w idths w ith  l in e  s tre n g th s  computed fo r  th e  g rid  
o f model atm ospheres in tro d u ced  in  § 11(b). These com putations have 
been d esc rib ed  in  Paper IV, w ith  th e  excep tion  th a t  in  th e  p re sen t 
work th e  l in e  s tre n g th s  in  Paper IV (computed fo r  e(He) = 0 .0 5 , 0.10 
and 0 .20) have been supplem ented by com putations fo r  c(He) = 0 .0 2 . 'Hie 
r e s u l t s  o f  th e  comparison a re  given fo r  XX4387 and 4471 in  columns (7) 
and (8 ) , r e s p e c t iv e ly ,  o f Table 5. I t  must be emphasized th a t  th e se  
r e s u l t s  assume th a t  the  atm ospheres o f  th e  w eak-helium -line s ta r s  a re  
w ell re p re se n te d  by th e  models and in  p a r t i c u la r  th a t  LTE o b ta in s .
In the  case o f th e se  p e c u lia r  s t a r s  which may have m agnetic
A fu r th e r  in s t r u c t iv e  example in  th i s  reg a rd  i s  a ffo rd ed  by th e  s t a r  
HD 74196, c l a s s i f i e d  by Jasch ek , Jaschek  and Arnal (1969) as weak-
h e liu m -lin e  in  t h e i r  sy stem a tic  search  (d isp e rs io n  42 A mm ^) fo r  such 
s ta r s  in  th e  Br ig h t  S ta r  C atalogue (H o ff le i t  1964) . This s t a r  is  a 
member o f  the  g a la c t ic  c lu s t e r  IC 2391 and has been s tu d ie d  by Hyland
(1967a) (w ith d isp e rs io n  6 .7 A he V  He f in d s  th a t  i s  has normal 
abundance, e(He) = 0 .105 . (See a lso  Shipman and Strom 1970a).
1 5 0 .
f i e ld s 5 i t  i s  n o t u n lik e ly  th a t  th e se  co n d itio n s  w il l  be v io la te d .
I t  i s  im portan t to  n o te  th a t  bo th  l in e s  ( s in g le t  and t r i p l e t )  
y ie ld  th e  same r e s u l t s .  The abundances o f 't h e  two lin e s  have th e re fo re  
been averaged to  determ ine the  apparent helium  d e f ic ie n c ie s  o f the  
w eak-helium *line s ta r s  compared w ith  the  normal s t a r s .  The q u a n tity  
A log e(He) = log e(H e)*- log e(He).^ ^ , which i s  a measure o f th e
d e f ic ie n c y , i s  given in  the  f in a l  column o f  Table 5. I t  may be seen 
th a t  th e  d e f ic ie n c ie s  range from th e  sm all va lue  A log e(He) 'v -0 .24  
fo r  th e  high g ra v ity  Orion s t a r s  to  A log e(He) ^ -1 .15  fo r  the  s ta r s  
i Ori B, 3 Sco, MD 144334 and 144844. I t  may be concluded th a t  the 
phenomenon causing th e  apparen t helium  d e fic ie n c y  does no t a f f e c t  a l l  
w eak-helium -line s ta r s  to  the same e x te n t .
IV. LINE STRENGTHS OF THE ELEMENTS HEAVIER THAN HELIUM
The sp e c tra  o f only  s ix  w eak-helium -line  s ta r s  have been desc rib ed  
in  any d e t a i l .  These a re  a Scl (Jugaku and Sargent 1961), HD 37058 
(S tew art 1955; S iev e rs  1969), HD 37129 (S tew art 1955), 20 Tau (Huang and 
S truve 1956), 36 Lyn (S ea rle  and Sargent 1964) and 3 Cen A (Jugaku, 
Sargent and G reenste in  1961; Hardorp 1966; Hardorp et_ al_. 1968) .
Apart from th e  common p ro p e rty  o f  helium  weakness and the  re p o rted  
normal carbon l in e  s tre n g th s  (S ea rle  and Sargent 1964) th e  p ic tu re  has
5 The s i tu a t io n  re g a rd in g  m agnetic f i e ld s  in  th e se  s ta r s  i s  no longer 
c le a r .  S a rg en t, Sargen t and S t r i t tm a t t e r  (1967) re p o rte d  f i e ld s  o f  
1.4 and 2 .5 k ilo g au ss  in  HD 36629 and 37058 r e s p e c t iv e ly .  Conti (1970), 
on th e  o th e r  hand, has been unab le  to  d e te c t  such la rg e  f i e ld s  in  th ese  
s t a r s .
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emerged o f  a r a th e r  amorphous group o f s t a r s .  3 Can A, fo r  example, 
has l in e s  o f  P I I , P I I I  and Ga I I  which are  p re sen t  in  none o f  the  
o th e r  s t a r s  (with the  p o s s ib le  excep tion  of P I I  in 20 Tau [Huang and 
S truve 1956j)  and a re  u s u a l ly  found only in  Mn s t a r s ,  a Scl and
HD 37058 show the  l in e s  of Sr I I  and Ti I I  no t re p o r ted  in o th e r  s ta r s  
o f  the  group.
Data a re  a v a i la b le  fo r  10 o f  the  program s t a r s  in  the  range AX3900- 
^800. In t i n s  s e c t io n  a b r i e f  d e s c r ip t io n  i s  given o f  the  s p e c t r a  of 
th e se  s t a r s  . F i r s t l y  r e s u l t s  a re  p re sen ted  fo r  s ev e ra l  s e le c te d  l in e s  
p re se n t  m  a l l  o f the  program s t a r s  and in  the  normal and the  Si A4200 
s t a r s .  Secondly a d e s c r ip t io n  i s  given o f  well defined  p e c u l i a r i t i e s  
p re se n t  in  some, but no t a l l ,  o f  th e  w eak-helium -line s t a r s .
a) Se lec ted  l in e  s t re n g th s
Not a l l  o f  the  program s t a r s  a re  sharp  l in e d .  The es tim ated  
p ro je c te d  r o t a t i o n a l  v e l o c i t i e s  a re  p resen ted  in  column (6) o f  Table 7. 
With the  exception  o f  HD 36629 and 37807 ( fo r  which th e  r e s u l t s  o f  
McNamara and Larsson [ l9 6 2 j  a re  given) these  have been determined 
from the  width and depth o f  the  l i n e  Mg I I  A4481 compared to  the  
sh a rp - l in e d  s t a r  k E ri which i s  assumed to have v s in  i  = 0 km s e c 1 .
The adopted procedure o f  v e lo c i ty  d e te rm ina tion  has been d esc rib ed  
by Hyland (1967a). The r o t a t i o n a l  v e lo c i t i e s  range from 0 to  75 km. s e c ’ 1 . 
In t h i s  r e sp e c t  the  w eak-helium -line  s t a r s  a re  s im i la r  to  the  Ap s t a r s  
which a lso  have low r o t a t i o n a l  v e l o c i t i e s  (S le t teb ak  1954).
In the  s p e c tra  o f  s t a r s  w ith  r o t a t i o n a l  v e lo c i t i e s  
v s in  i  v 70 km sec 1 only m odera te ly  s trong  l in e s  (W > 50 - 100 rnA)
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TABLE 7
EQUIVALENT WIDTHS (mA) AND ROTATIONAL VELOCITIES (km sec”1) 
FOR THE WEAK-HELIUM-LINE STARS
Star Si II X4130
Si III
X4552
Mg II
X4481
C II 
X4267 v sin i
(1) (2) (3) (4) (5) (6)
a Scl 105 55 250 145 20
HD 36629 • • • • • • 165 . . . 5*
i Ori B 105 125 205 200 0
HD 37058 70 120 215 245 0
HD 37129 80 60 195 200 35
HD 37807 • • * • • • 205 . . . 10*
3 Cen A 80 60 155 100 0
3 Sco 150 100 200 110 75
HD 144334 150 45 195 60 65
HD 144661 130 - 170 50: 40
HD 144844A 90 - 160 - 20:
B - - 90 -
HD 162374 110 75 185 105 40
* According to McNamara and Larsson (lu62) .
can bo measured. Accordingly the line strengths of only four lines 
were measured in all stars. These are Si II X4130, Si III X4552,
Mg II X4481 and C II X4267. The line strengths are presented in columns 
(2)-(5) of Table 7. A dash indicates that the line was not detectable. 
The numbers of spectra upon which these results are based are essentially 
the same as indicated for the helium line strengths given in Table 5.
Note that for the stars HD 36629 and 37807 results are available for 
only the line Mg II X4481. Two points should be made at this stage.
HD 144334 and 162374 appear to be spectrum variables. Table 8 contains
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TABLE 8
EQUIVALENT WIDTHS (mA) AND RADIAL VELOCITIES (km s e c " 1) 
FOR THE POSSIBLE SPECTRUM VARIABLES HD 144334 AND 162374
S ta r
(1)
JD
2400000+
(2)
S i I I  
A4130 
(3)
S i I I I  
A4S52 
(4)
Mg I I
A4481
(5)
C I I  
A4267 
(6)
He I 
A4387 
(7)
He I 
A4471 
(8)
Vr
(9)
HD 144334 39983.2 100 <30 200 65 170: 215 -20±2
40047.0 195 60 190 50 145: 225 - 9±2
HD 162374 40047.1 120 105 175 75 150 355 -17+1
40112.0 ISO 75 175 115 240 415 -14±2
40112.9 95 65 20G 110 205 47C -10±3
40114.1 80 55 200 105 290 655 ~13±i
40115.1 100 35 185 120 155 500 -23±1
th e  in d iv id u a l  measures f o r  th e s e  two s t a r s .  Column (2) g iv es  th e  
J u l i a n  day o f  th e  o b s e rv a t io n  and columns ( 3 ) - ( 8 )  g ive  th e  l i n e  
s t r e n g t h  m easures o f  th e  above fo u r  l i n e s  and He I AA4387 and 4471. 
The f i n a l  column c o n ta in s  th e  m easured r a d i a l  v e l o c i t y .  Secondly 
HD 144844 i s  a d o u b le - l in e d  s p e c t r o s c o p ic  b in a r y .  The l i n e  s t r e n g t h s  
p re s e n te d  in  T ab le  7 were measured when tn e  two s p e c t r a  were w ell  
s e p a r a t e d .  Line s t r e n g t h s  o f  th e  above l i n e s  i n  th e  normal and th e  
Si A4200 s t a r s  a r e  g iven  in  columns ( 5 ) - ( 8 )  o f  Table  6. For th e  
normal s t a r s  th e  l i n e  s t r e n g t h s  have been measured from s p e c t r a  
( d i s p e r s io n  6 .7  A mm 1) d e s c r ib e d  in  Paper IV; as in  th e  p re v io u s  
s e c t io n  H yland’s (1967a) r e s u l t s  a r e  g iven  f o r  th e  Si A4200 s t a r s .
For the  fo u r  l i n e s  th e  dependence o f  l i n e  s t r e n g t h  on e f f e c t i v e  
te m p era tu re  i s  shown g r a p h i c a l l y  i n  F ig u re s  2 -5 .  For HD 144844A th e
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Figure 3 : The dependence of the line strength of Si III
\hr)52 on effective temperature. The symbols 
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Figure 3: The dependence of the line strength of C II
\4267 on effective temperature. The symbols 
are the same as in Figure 2.
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r e s u l t s  given in  Table 7 have bt;en sca led  by a f a c to r  i . 3  to  allow fo r  
the  e f f e c t  o f  th e  secondary (see 5 IV(c)) . In the  f ig u re s  th e  continuous 
l in e  i s  drawn through the  r e s u l t s  fo r  th e  normal s t a r s .  Note the  t i g h t  
r e l a t i o n s  de fined  by th e se  s t a r s .
The most i n t e r e s t i n g  r e s u l t  i s  a ffo rded  by th e  l in e s  Si I I  A4130 
and Si I I I  A4552 as may be seen in  F igures  2 and 3 r e s p e c t iv e ly .  Some 
of the  w eak-helium -line  s t a r s  have s t ro n g e r  l in e s  than normal. This 
i s  t r u e  in  p a r t i c u l a r  o f  the  s t a r s  3 Sco, HD 144334 and 162374. The 
conclusion  i s  s treng thened  by the f u r th e r  r e s u l t  t h a t  the  l in e s  
Si I I  AA4200 and 4621, c h a r a c t e r i s t i c  o f  the  Si A 4200 s t a r s  a re  a lso  
p re sen t  in  the  i n t e n s i t y  t r a c in g s  o f  t h e i r  s p e c t r a .  I t  i s  p robable  
th a t  they a re  th e  h o t t e s t  Si A4200 s t a r s  in  which the  phenomenon 
re sp o n s ib le  fo r  the  u s u a l ly  abnormally s trong  Si l in e  s t re n g th s  is  
not f u l l y  e f f e c t i v e .
Figure 4 shows th a t  the  l in e  Mg I I  A4481 i s  normal in  the  weak- 
h e liu m -lin e  s t a r s .  One canno t, however, g e n e ra l iz e  about th e  l in e  
C I I  A4267 fo r  which the  r e s u l t s  a re  shown in  F igure  5. The 
conclusion  o f  S ea r le  and Sargent (1964) th a t  the  w eak-helium -line 
s t a r s  have normal carbon l in e s  i s  no t t ru e  fo r  the  sample 
in v e s t ig a te d  here  (though i t  may be t ru e  fo r  t h e i r  small sample 
comprising a S c l ,  20 Tau and 36 Lyn). Over h a l f  o f  the  p re sen t  
sample have weak carbon l i n e s .  I t  i s  a lso  worth no ting  th a t  the 
commonly he ld  b e l i e f  th a t  th e  C I I  l i n e  i s  weak in  a l l  Si A4200 s t a r s  
(S earle  and Sargent 1964; S a rg en t,  G reens te in  and Sargent 1969) i s  
not supported by Hyland’s r e s u l t s .
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b) Other peculiarities
i) Phosphorus
It was demonstrated in the previous sub-section that three of the 
weak-helium-line stars appear to be related to the Si A4200 stars.
3 Cen A, on the other hand, bears greater resemblance to the Mn stars. 
Sargent, Greenstein and Sargent (1969) have proposed that 3 Cen A is 
atypical of the weak-helium-line stars because of the existence of 
P II lines in its spectrum. It is then of great interest that the 
lines of phosphorus are present in three other stars of the present 
sample - i Ori B, HD 144844A and 144661. (The identification in 
HD 144661 is a little uncertain because of the relatively high projected 
rotational velocity v sin i = 40 km sec * of this star, which makes 
it difficult to measure weak lines.) Note, too, that Huang and Struve 
(1956) identified some of the lines of P II in the spectrum of 20 Tau. 
Lines of Ga II, observed in 3 Cen A, are present in HD 144844. The 
measured line strengths of phosphorus in i Ori B, HD 144661 and 
144844A are given in Table 9, the results of 3 Cen A (according to 
Jugaku, Sargent and Greenstein 1961) are included for comparison 
purposes. It appears that the phosphorus anomaly is a general 
feature of a large fraction of the weak-helium-line stars.
ii) Titanium and Strontium
Sievers (1969) has pointed out the similarity of a Scl and 
HD 37058 which, although of considerably different effective 
temperature and gravity, both exhibit abnormally strong lines of 
Sr II and Ti II. It is of interest that two other weak-helium-line
158.
TABLE 9
EQUIVALENT WIDTHS (mA) OF THE LINES OF PHOSPHORUS IN
SOME WEAK -HELIUM-LINE STARS
Line 3 Cen A i Ori B HD 144661 HD 144844A
P II 4019.5 8 .
4044.6 47 21 52 32
4062.1 9 - - -
4064.7 8 - - -
4109.2 12 - - -
4127.5 27 - B1 22
4178.4 44 - B1 38
4420.7 38 12 - 32
4452.4 26 - - 19
4463.0 18 - - 23
4466.1 4 - - -
4467.9 24 - 25: 32
4475.2 30 12 42: 35
4499.2 39 18 27: 35
4530.8 23 - 26: 19
4554.8 37 - - 21
4558.0 25 - - 16
4565.2 16 - - 14
4588.0 47 21 66 62
4589.8 38 13 58 45
4602.0 44 23 82 38
4626.7 12 - - -
4658.3 14 - - -
P III 4057.4 17 15 _
4059.3 51 21 - -
4080.1 35 24 - -
4222.2 72 44 - 22
4246.7 53 52 - 14
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s ta r s  have l in e s  o f one o f th e se  elem ents in  t h e i r  spectrum , i Ori B 
has th e  l in e s  o f Sr I I ,  w hile those  o f Ti I I  do no t appear to  be p re sen t 
Huang and S truve (1956) re p o rte d  th e  e x is ten c e  o f T i I I  in  th e  spectrum  
of 20 Tau. S ince both  s ta r s  have the  l in e s  o f phosphorus in  th e i r  
spectrum , i t  seems l ik e ly  th a t  a Scl and HD 37058 a re  r e la te d  to  the  
subgroup o f  p h o sp h o ru s-lin e  s t a r s .
c ) The sp ec tro sc o p ic  b in a ry  HD 144844 
The prim ary o f  HD 144844 e x h ib i ts ,  in  a d d itio n  to  th e  l in e s  o f 
P I I  and Ga I I ,  those  o f H I ,  He I ,  Ca I I ,  Si I I ,  Mg I I ,  Fe I I  and 
p o ss ib ly  Ti I I .  No abnorm ality  i s  apparen t in  th e  secondary a t  th e  
p re se n t r e s o lu t io n .  The l in e s  most prom inent in  th e  secondary a re  
Ca I I  X3933, Mg I I  X4481 and Fe I I  X4549. O ther l in e s  o f Fe I I ,
Ti 11 anci P o ss ib ly  Fe I a re  f a in t ly  p re s e n t .  A comparison o f th ese  
l in e  s tre n g th s  w ith  those  in  th e  AOV s t a r  u Lyr (Hunger 1955) shows 
th a t  the  secondary appears to  be an AO s t a r  th re e  tim es f a in te r  than 
the  prim ary . Adopting th i s  b r ig h tn e s s  d if fe re n c e  th e  observed 
continuum and hydrogen l in e  p r o f i l e s  o f  Tables 2 and 3 were c o rre c ted  
fo r  th e  e f fe c t  o f  the  secondary by u s in g  th e  Hayes (1967) continuum 
m easures, and th e  Hardorp and Scholz (1968) hydrogen l in e  p r o f i le s  o f
a Lyr. The c o rre c te d  param eters o f  the  prim ary a re  0 = 0 .3 5  and
e
log g -  4 .3 . Assuming th a t both s t a r s  a re  on th e  main sequence one 
may check t h e i r  magnitude d if f e r e n c e .  Using th e  r e la t io n s  o f  Morton 
and Adams (1968) between s p e c tr a l- ty p e  and e f f e c t iv e  tem peratu re  and 
e r f e c t iv e  tem peratu re  and m ain-sequence magnitude th i s  d if fe re n c e  is  
1 .6  mag. This i s  in  f a i r  agreement w ith a b rig h tn e ss  d if fe re n c e  o f
160 .
a f a c to r  o f th r e e ,  bu t may in d ic a te  th a t  th e  secondary is  a l i t t l e  
h o t te r  than AO.
The secondary o f HD 144844 i s  o f im portance in u n d erstand ing  th e  
n a tu re  o f the  Ap phenomenon. S ea rle  and Sargent (1967) have proposed 
th a t  s p e c tr a l  p e c u l i a r i t i e s  in  such s ta r s  a re  produced b e fo re  the  
s t a r  reaches th e  main sequence. They a lso  p re d ic t  th a t  in  b in a ry  
system s in  which the  prim ary is  p e c u lia r  and in  which bo th  s ta r s  
a re  slow ly r o ta t in g ,  th e  secondary w il l  a lso  be p e c u l ia r .  T heir 
p roposa l i s  supported  by the  o b se rv a tio n  th a t  in  th e  p e c u l ia r  
sp ec tro sc o p ic  b in a r ie s  41 E ri and 112 Her bo th  s t a r s  experience  the  
same p e c u l i a r i ty ,  su g g es tin g  th a t  the  two members o f each b in a ry  
shared  a common environm ent when th e  s p e c tra l  p e c u l i a r i t i e s  were 
a cq u ired . They id e n t i f y  th i s  s tag e  w ith a c irc u m s te lla r  envelope 
co n ta in in g  bo th  s ta r s  during  th e  f in a l  phases o f c o n tra c tio n  onto 
the  main sequence. S ince both members o f HD 144844 a re  s h a rp - l in e d , 
th is  s t a r  p rov ides a fu r th e r  t e s t  o f t h e i r  h y p o th e s is . At th e  p re sen t 
d isp e rs io n  (6 .7  A nrn *) no p e c u l i a r i t i e s  a re  apparen t in  the  secondary . 
I t  i s  thus im portan t to  o b ta in  s p e c tra  a t  h ig h e r d isp e rs io n  to  
a s c e r ta in  i f  t h i s  conclusion  i s  r e a l  or sim ply due to  lack  of 
r e s o lu t io n .
d) Summary
From the  fo rego ing  se c tio n s  i t  i s  ev id en t th a t  th e  weak-helium - 
l in e  s ta r s  s tu d ie d  h ere  do not form a homogeneous group. At le a s t  two 
sub-groups and a p o s s ib le  th i r d  may be id e n t i f i e d .  The f i r s t  co n ta in s  
s ta r s  which appear to  have S i I I  l in e s  th a t  a re  s tro n g e r  than  norm al,
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while the second comprises stars with the lines of phosphorus in their 
spectra. A third group whose stars exhibit the lines of Sr II and 
Ti II may be related to the second group of phosphorus-line stars.
It is important that a larger sample of weak-helium-line stars be 
studied to elucidate the subgroups present in this class of stars.
V. THE POSITION OF THE WEAK-HELIUM-LINE STARS IN THE
(6e, LOG g)-PLANE
In this section we return to the position of the weak-helium-line 
stars in the (6e, log g)-plane. To supplement the results for the 
12 stars investigated in the present work the atmospheric parameters 
of the two weak-helium-line stars 20 Tau and 36 Lyn have been 
determined using hydrogen line profiles and broad band-colors presented 
by other authors. For 20 Tau Huang and Struve (1956) have given 
profiles for Hy and H6, while for 36 Lyn Searle and Sargent (1964) have 
given the mean profile of Hy and H6. The colors were taken from the 
work of Iriarte, Jonnson, Mitchell and Wisniewski (1965) and Eggen 
(1963) for 20 Tau and 36 Lyn respectively. Then the atmospheric 
parameters were determined as described for HD 37807 in § 11(b).
Table 10 presents the parameters of the two stars.
Figure 6 shows the positions of the 14 weak-helium-line stars in 
the (0e, log g)-plane. Hylands (1967a) results for the Si A4200 
stars are also shown for comparison. Identification of stars may be 
achieved by reference to Tables 4, 6 and 10. In plotting the data in 
Figure 6 no modifications have been made to the derived gravities to
lo
g g
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Fi^nire 6 ; The positions of* the weak-heliuin-1 ine stars (filled
circles) and the Si \-i200 stars (open circles) in the 
(G , lo^ g)-plane. The continuous lines are the 
evolutionary tracks of 5 and 9IT1^  stars; the dashed 
line corresponds to the boundary at which the helium 
in the stellar atmospheres is 90 per cent ionized 
at an optical depth t /(q q q  = 0.2.
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TABLE 10
ATMOSPHERIC PARAMETERS OF 20 TAÜ AND 36 LYN
Star 0e log g
20 Tau 0.37 3.4
36 Lyn 0.35 3.5
allow for the fact that the atmospheres may suffer from actual helium 
deficiencies. As discussed in § 11(b) these corrections amount to 
only A log g = 0.1 in the worst cases and will not. significantly alter 
the position of the stars in the (6., log g)-plane. The two continuous 
lines in the diagram represent the evolutionary tracks of 5 and 9 
Mq stars with normal Population I abundances (X = 0.739, Z = 0.021) and 
are taken from the computations of Hoffmeister (1967) . The dashed line 
corresponds to the boundary at which helium is 90 per cent ionized at 
an optical depth = 0.2 in the model atmospheres, There are two
interesting results:
a) The Orion stars HD 36629, 37058, 37129 and 37807 have slightly 
higher gravities than is found by stellar interior computations for 
main-sequence stars with normal Population I abundances.
b) The weak-helium-line stars are restricted to only a small 
effective temperature interval, 0.25 s 0^ £ 0.35. Within this interval 
they form a sequence stretching from high temperatures and high 
gravities to lower temperatures and lower gravities.
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We s h a l l  now d iscu ss  each o f th e se  phenomena.
a) The Orion s ta r s  HD 56629, 37058, 37129 and 37807 
The mean g ra v ity  o f t h i s  group o f s t a r s  i s  log  g a, 4 .4 5 . Strom and 
P eterson  (1968) have p resen ted  evidence th a t  th e  h ig h e s t g r a v i t ie s  o f  
m ain-sequence s ta r s  a re  log g a, 4 .2 5 . T heir r e s u l t  was based on 
observed hydrogen l in e  s tre n g th s  and th e  ESW lin e -b ro ad en in g  theo ry  
employed in  th e  p re sen t work. While th e  g ra v ity  d if fe re n c e  o f  
A log g = 0 .2 between th e  two r e s u l t s  may be exp lained  by e r ro rs  o f 
measurement in  each in d iv id u a l case o f th e  p re se n t sample i t  i s  perhaps 
s ig n if ic a n t  th a t  a l l  o f  th e  Orion s ta r s  have th ese  high g r a v i t i e s .  On 
th e  o th e r  hand i t  i s  p o s s ib le  th a t  th e re  a re  sy stem a tic  e r ro r s  in  the  
p re se n t r e s u l t s ,  though M.S. B esse ll and K.W. Chang (1970, p r iv a te  
communication) have independen tly  determ ined g r a v i t ie s  o f log  p = 4 .4  
fo r  both HD 36629 and 37058. I t  should be noted th a t  the  s l ig h t  helium 
d e f ic ie n c ie s  ob ta in ed  fo r  th i s  group o f s ta r s  w il l  no t ex p la in  th e  
d isc rep an cy . As d iscu ssed  in  § 11(b) an atm ospheric  helium  d e fic ien c y  
would y ie ld  an u n d erestim ate  o f  th e  su rfa ce  g ra v ity  u sin g  th e  p re sen t 
te ch n iq u es . Furtherm ore, w hile  one is  r e lu c ta n t  to  suppose th a t  the  
nelium abundance o f th e  whole s t a r  i s  o th e r  than  normal (because o f th e  
n o rm ality  o f nearby a s s o c ia tio n  members) s t e l l a r  i n t e r io r  com putations 
suggest th a t  even i f  such a s i tu a t io n  occurred  i t  would have l i t t l e  
e f f e c t  on th e  g ra v i ty . J.W. R obertson (1970, p r iv a te  communication) has 
shown th a t  changing the  s t e l l a r  helium  abundance fron  e(He) = 0.14 
to  0.08 (a t c o n s tan t m etal abundance) causes no change in  th e  g ra v ity .
I t  is  reaso n ab le  to  suppose th a t  t h i s  conclusion  w il l  a lso  mold in
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changing the helium from the normal value of e(He) = 0.09 (according to 
Paper IV) to the value e(He) = 0.055 suggested by the strength of the 
helium lines in the spectra of these stars. We shall not consider this 
problem further, but note in conclusion that these higher than normal 
gravities are consistent with the position of these stars on the 
bottom of the Orion I Association main sequence.^ (Sharpless 1952.) 
b) The location of the weak-helium-line stars
With the exception of the binary star HD 144844 the weak-helium­
line stars define a fairly tight sequence in the (0 , log g)-plane.
It is interesting that the shape of the sequence is similar to that 
of the evolutionary tracks of stellar models. Hyland (1967a, b) 
reached a similar conclusion for the Si A4200 stars. He found that 
most of these stars appeared to lie on the evolutionary track of a 
4.5-5 M star. The weak-helium-line stars studied in this
Q
investigation appear to be stars with masses in the range 5-7 M .
The tight relation of the weak-helium-line stars is somewhat 
surprising in view of the different subgroups defined by the lines, 
other than those of helium, in their spectra. Note, however, that 
two of the stars, 3 Sco and HD 144334, that resemble the Si X4200 
stars lie among these stars.
One may ask why there are no weak-helium-line stars either 
cooler or hotter than our sample. There certaintly are cooler v/eak-
 ^Morgan and Lodbn (1966) have pointed out that the brighter stars in 
the Orion Nebula Cluster of the Orion I Association (HD 36982, 37022, 
37041, 37042, 37061 [Morgan, communicated by Bessellj) appear to have 
hydrogen lines that are stronger than normal, though they did not report 
any abnormality in the hydrogen lines in any star of the present group. 
It would be of interest to know the gravities of these objects.
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h e liu m -lin e  s t a r s .  In a l l  Ap s ta r s  where th e  t e s t  may be made the  
l in e s  o f helium  a re  weak. Since th e re  is  some u n c e r ta in ty  reg a rd in g  
th e  s i tu a t io n  in  th e  Mn s ta r s  the  behav iour o f  the  l in e  s tre n g th  of 
He I X4471 in  se v e ra l o f th e se  s ta r s  i s  compared in  F igure 7 w ith th a t  
o f normal s t a r s  as a fu n c tio n  o f  Q, the  reddening  independent 
tem peratu re  in d ic a to r  d iscu ssed  in  § 11 (b ). The d a ta  a re  p resen ted  
in  Table 11 arid have been taken  from th e  work o f S ea rle  and Sargent 
(1964), Hyland (1967a) and Paper IV. From F igure  7 i t  is  concluded 
th a t  th e  Mn s ta r s  do have weak helium l in e s  compared to  normal s ta r s  - 
though th e  e f f e c t  i s  not as marked as in  the  Si A4200 s ta r s  and the  
w eak-helium -line s t a r s .  (Note th a t  in  th i s  tem peratu re  range the  
helium l in e  s tre n g th s  a re  in s e n s i t iv e  to  g ra v i ty .)
On th e  o th e r  hand th e re  a re  no known P opu la tion  I weak-helium - 
l in e  s ta r s  h o t te r  than  the  boundary d efined  by th e  p re sen t sample in  
F igure 6 . S ea rle  and Sargent (1967) have p o in ted  out th a t  th i s  
corresponds to  th e  boundary where n e u tra l  helium  becomes io n ized  in  
th e  s t e l l a r  atm osphere. They have suggested  th a t  the  bounding is  in  
some way connected v r th  the  su rfa c e  convection caused by th e  
io n iz a t io n  o f helium . There a re  two d i f f i c u l t i e s  a s so c ia te d  w ith 
th i s  e x p lan a tio n . F i r s t l y  th e  good agreement o b ta ined  by them ( th e i r  
F igure 2) between the  h e liu m -io n iz a tio n  convec tive  boundary and the  
observed p o in ts  in  th e  (0^, log g )-p lan e  i s  based on the  model 
atm osphere com putations o f  M ihalas (1965) fo r  an abundance e(He) = 0 .1 5 . 
I f  we use the  va lu e  e(He) = 0 .10  suggested  by th e  most re c en t 
sp ec tro sc o p ic  in v e s t ig a t io n s  t h i s  boundary moves to  co o le r tem peratu res
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TABLE 11
EQUIVALENT WIDTHS OF HE I A4471 (mA) AND THE PARAMETER Q FOR 
SEVERAL MANGANESE AND NORMAL STARS
Mn Stars Normal Stars
HD W Q Source* HD W Q Source*
27295 130 -.20 a 17081 540 -.40 a
28929 260 -.28 a 73952 330 -.28 b
78316 120 -.36 a 74196 770 -.42 b
143807 50 -.16 a 74275 230 -.12 b
144206 200 -.24 a 74516 220 -.09 b
145389 100 -.19 a 92536 450 -.25 b
174933 110 -.38 a 92783 190 -.18 b
93549 870 -.42 b
93738 300 -.16 b
147394 650 -.45 a
162586 630 -.33 b
173300 410 - .29 c
193432 90 -.13 a
207971 360 -.27 c
*a, Searle and Sargent (1964); b, Hyland (1967a) ; c, Paper IV.
in the (0Q > log g)-plane. At log g = 3.C, 4.0 and 5.0 , for example,
ymodel atmosphere computations show that the boundary is at 0e = 0.33,
0.31 and 0.29 respectively (on the ultraviolet-line-blanketed
temperature scale). As may be seen from Figure 6 there are a number
of weak -he3.ium-line stars hotter than this boundary. Secondly, as
I am indebted to Dr. A.V. Peterson who has prepared these models 
using the computer program 'Atlas' developed by the Harvard-Smithsonian 
group.
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p o in te d  out by S ea rle  and Sargent (1967):
4I t  i s  r a th e r  odd, i f  a helium convection  zone is  needed to  
p rov ide  th e  h o t te r  Ap s t a r s ,  th a t  th e se  a re  the  s ta r s  w ith  
rem arkable helium d e f ic ie n c ie s * .
I t  appears th a t  such an ex p lan a tio n  is  not a p p ro p ria te  - a t  l e a s t  fo r  
the  ho t boundary o f th e  p e c u l i a r i ty  phenomenon.
Michaud (1969) has considered  th e  e f f e c t  o f d if fu s io n  p ro cesses  in  
th e  p e c u lia r  A and B s t a r s .  He assumes th a t  th e  atm ospheres o f  th ese  
s t a r s  a re  s u f f i c i e n t ly  s ta b le  fo r  such p ro cesses  to  be im p o rtan t, 
a rgu ing  th a t  such an assum ption is  p la u s ib le  i f  we accep t th e  view 
th a t  th e  s ta r s  a re  i n t r i n s i c a l l y  slow r o ta to r s  (as suggested  by S ea rle  
and Sargent L1967j and Woolf [1968]) and th a t  th e  m agnetic f ie ld s  
g e n e ra lly  observed may a c t as a s t a b i l i z i n g  in f lu e n c e . He a lso  
argues th a t  th e  shallow  su rfa ce  convection  in  th ese  s t a r s  does no t 
s e r io u s ly  a f f e c t  th e  d if fu s io n  p ro c e sse s . With th i s  h y p o thesis  he 
has had some success in  ex p la in in g  th e  observed p e c u l i a r i ty  ty p e s .
In p a r t i c u la r  he has found th a t  io n ized  atoms s e t t l e  out o f the  
atm osphere some ten  tim es more slow ly  than  th e i r  n e u tra l  c o u n te rp a rts  
(u n le ss  r a d ia t io n  p re s su re  a f f e c t s  e i th e r  s p e c ie s ) . The time s c a le
4
fo r  such p ro cesses  i s  a, 10 y e a rs , assuming th e re  a re  no agencies 
opposing th e  d i f f u s io n .  Thus one i s  more l ik e ly  to  observe elem ent 
d e f ic ie n c ie s  when th e  atom ic sp ec ie s  i s  n e u t r a l . Michaud has invoked 
th i s  mechanism to  ex p la in  th e  la rg e  oxygen d e fic ie n c y  in  the  p e c u lia r  
s t a r s  co o ler than  0^ = 0.45 (se e , e . g . ,  S ea rle  and Sargent [1967j )
He has a lso  suggested  th a t  i t  e x p la in s  th e  neon and helium  d e f ic ie n c e s  
in  th e  p e c u lia r  s t a r s .
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The present results support this hypothesis. It may be argued that 
the boundary defined by the weak-helium-line stars in the (0^ , log g)- 
plane shown in Figure 6 is net in good accord with tiie line of constant 
helium ionization, with the ionization line being much steeper than the 
weak-helium-line boundary. This may result from the fact that stars 
with low gravities (log g s 3.7) and temperatures in the range
0.2S s 0 < 0.30 will have evolved from stars on the hot side of thee
ionization boundary which do not develop helium weakness. Moreover, 
since such stars will be evolving on a short time scale ('v 10° years 
according to Hoffmeister [1967J) and since gravitational settling is 
becoming less effective at the lower gravities it is possible that 
even if these stars were slowly rotating and had stable atmospheres 
they would not have had sufficient time to develop helium weakness.
If such a diffusion process is responsible for the helium weakness 
we might expect it to have different efficiency in different stars 
depending on the strength of agencies opposing the settling out (e.g., 
convection, currents established by rotation). The result in § III 
that the helium deficiency is not the same in all of the weak-helium­
line stars receives a natural explanation in this regard. The 
constancy of the helium abundance in the normal stars is then 
explained as being due to the opposing forces being sufficiently 
large to prevent diffusion.
There is one further interesting application of this hypothesis. 
The only element other than helium that is neutral in the B stars is 
neon. One thus expects neon to be deficient in the peculiar stars,
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b u t th a t  s in ce  Me I has an io n iz a t io n  p o te n t ia l  sm a lle r than  th a t  of 
He I by 3 eV the p e c u l i a r i ty  would van ish  a t  a boundary a l i t t l e  
co o le r than  th a t  de fin ed  by the  w eak-helium -line s t a r s .  We may 
compute th e  se p a ra tio n  o f th e  boundaries by re q u ir in g  th e  io n iz a tio n  
o f  helium  in  th e  h o t te r  one be equal tc  th a t  o f neon in  th e  c o o le r .
The s e p a ra tio n  i s  A0^ = 0 .0 6 . Examination o f  F igure 6 shows th a t  
w h ile  we would expect th e  w eak-helium -line s ta r s  to  have normal Ne I 
abundance the  Si A4200 s ta r s  might be expected to  e x h ib it  Ne I 
d e f ic ie n c ie s .  This p re d ic tio n  i s  in  accord  w ith  th e  o b se rv a tio n s  o f 
S a rg en t, G reenste in  and Sargent (1969) o f  th e  neon l in e s  in  th e se  
two groups o f  s t .a r s .
There i s  one f a c t  reg a rd in g  th e  helium  l in e  s tre n g th s  in  th ese  
s t a r s  which i s  not exp lained  by d if fu s io n  p ro c e sse s . This i s  th e  
d isco v ery  by Sargent and Jugaku (1961) th a t  in  3 Gen A th e  helium  is
3
m ainly in  th e  form He . On the  p re se n t h y p o th esis  th i s  must be 
regarded  as secondary to  th e  prim ary mechanism o f  d i f f u s io n .
The phenomenon o f  the  helium  weakness in  th e  P opu la tion  II  b lu e -  
h o r iz o n ta l  -branch s ta r s  o f  g lo b u la r c lu s te r s  and th e  c la s s  o f f i e ld  
s t a r s  d e sig n a ted  Bw by Sargent and S ea rle  (1968) may a lso  be 
in te rp re te d  in  term s o f  th i s  h y p o th e s is . S ince th e se  s ta r s  have 
s im ila r  e f f e c t iv e  tem peratu res and g r a v i t ie s  to  th e  w eak-helium -line 
s t a r s  o f P opu la tion  I (Newell 1970; Sargent and S ea rle  1968) and 
s in ce  they  a re  most l ik e ly  tc  be slow ly r o ta t in g  (having o r ig in a te d  
as r e l a t iv e ly  la te - ty p e  s ta r s )  we would expect them to  have weak 
helium  l in e s .  Furtherm ore, th e  d isco v ery  o f Sargent and S e a rle  (1967)
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th a t  a t  h igh  d isp e rs io n  some o f th e  Bw s ta r s  e x h ib it  l in e s  o f  phosphorus 
in  t h e i r  s p e c tra  f i t s  in to  the  p re se n t model. These o b serv a tio n s  
argue a g a in s t the  hypo thesis  th a t  p e c u l i a r i t i e s  a re  formed w hile  the  
s t a r  is  c o n tra c tin g  to ,  or i s  on, the  main sequence. They support the  
id e a  th a t  th e  anom alies are  dependent on th e  e f f e c t iv e  tem peratu res and 
g r a v i t ie s  in  co n ju n c tio n  w ith i n t r i n s i c a l l y  sm all r o ta t io n a l  v e lo c i t i e s .
The helium  weakness o f the  subdwarf B s ta r s  (sdB) o f  P opu la tion  II  
may p o ss ib ly  be exp lained  in  th i s  manner. The atm ospheric param eters 
o f  th e se  s ta r s  are  0^ ^ 0 .2 0 , log g a, 5 - 5 .5  and e(He) a, 0.002 - 0.01 
(Sargent and S ea rle  1966; Baschek and N orris  1S70 [Paper 11 j)  . They 
a re  thus h o t te r  and o f much h ig h e r g ra v ity  than  th e  o th e r  weak-helium­
l in e  s t a r s  o f P o p u la tion  I I  and those  o f  Popu la tion  I .  Since i t  then  
appears th a t  t h i s  group is  d i s t i n c t  from a l l  o th e r  w eak-helium -line 
s t a r s  and s in c e  th e re  i s  no re p o r t  o f  o th e r  anomalous l in e  s tre n g th s  
in  t h e i r  s p e c tra  (S argent and S ea rle  1968) i t  has been suggested  th a t  
th e se  s ta r s  may p rov ide  evidence fo r  a low helium  abundance a t  an 
e a r ly  epoch in  the  l i f e  o f  th e  G alaxy. (S ea rle  1968, quoted by 
Burbidge 1969). I t  seems p o s s ib le ,  however, th a t  th ese  s t a r s  may have 
acqu ired  t h e i r  low su rfa ce  helium  abundance as they  evolved through 
th e  reg io n  in  the  (0 , log g )-p lan e  occupied by th e  o th e r  weak-helium- 
l in e  s t a r s .  I f  they  have passed through th e  h o r iz o n ta l branch phase, 
as seems re a so n ao le , they  have had s u f f ic ie n t  tim e to  do so ('v 10c years 
accord ing  to  H artw ick, Härm and Schw arzschild  [1968], fo r  M = 0 .7 5 ^  and 
[X = 0 .7 0 , Z = O.OOlJ). I f  as su g gested  by Michaud (1969) elem ent 
overabundance i s  e s s e n t ia l ly  caused by ra d ia t io n  p re ssu re  on a given
1 7 3 .
io n ic  sp ec ie s  th is  overabundance may n o t be supported  a t  h igher 
tem p e ra tu res . On the  o th e r hand one m ight expect o th e r element 
d e f ic ie n c ie s  caused by g ra v i ta t io n a l  s e t t l i n g  to  rem ain . One might 
then  expect neon and oxygen tc  be underabundan t. An a n a ly s is  o f 
th e  h e a v ie r  elem ents in  one o f th e  sdB s ta r s  i s  necessa ry  to  c o n sid e r 
t h i s  p o s s i b i l i t y .
V I. SUMMARY
The p re se n t in v e s t ig a t io n  o f  th e  w eak-helium -line  s ta r s  has led  
to  th e  fo llow ing  co n c lu s io n s :
i )  The s ta r s  a re  r e s t r i c t e d  to  a very  sm all range in  e f fe c t iv e  
tem peratu re  — 0.25 < 9  ^ <; 0 .35 . In th e  (9 , log g )-p lan e  they  form 
a boundary s t r e tc h in g  from 9  ^ = 0 .2 5 , log g = 4 .4  to  6 = 0 . 3 5 ,  
log g = 3.5 h o t te r  than  which th e re  a re  no P opu la tion  I w eak-helium -line  
s t a r s .  This boundary is  in  accord w ith th e  su g g estio n  o f  Michaud (1569) 
th a t  d if f u s io n  p ro cesses  cause th e  p e c u l i a r i ty  phenomenon. The 
d i f f e r e n t  behav iour c f  the  l in e s  o f Ne I in  th e  w eak-helium -line  s ta r s  
and th e  Si A4200 s t a r s  re p o rte d  by S a rg en t, G reenste in  and S argen t 
(1969) supports  th i s  h y p o th e s is . I t  i s  suggested  th a t  th e  helium  
weakness observed in  many P op u la tio n  I I  s ta r s  ( in c lu d in g  th e  sdB 
s ta r s )  may r e s u l t  from th ese  p ro c e s s e s .
i i )  The apparen t atm ospheric  helium  d e f ic ie n c ie s  o f  th e  weak-helium ­
l in e  s ta r s  range from a f a c to r  o f alm ost 2 to  15. The sm all 
d e f ic ie n c y  o f  alm ost two has been observed in  fou r o f  the  'c l a s s i c a l '  
w eak-helium -line s ta r s  in  th e  O rion I A sso c ia tio n  - HD 36629, 37058,
174.
37125 and 37807. It has been pointed out that these stars have line 
strengths similar to normal main-sequence stars of similar color but 
that the lines are slightly weak for the color and the higher than 
normal gravity (log g ^ 4.45) of this group of stars.
iii) Apart from the common property of weak helium line strengths at 
least two subgroups are defined by the lines of the heavier elements 
in these stars. Three of the stars resemble the Si A4200 stars, while 
four have phosphorus lines in their spectra (as does the weak-helium­
line star 20 Tau, not included in the present investigation [Huang and 
Struve 1956J). A further two stars have strong lines of Sr II and Ti II 
and may be related to the phosphorus-line subgroup.
iv) The double-lined spectroscopic binary, HD 144844, in which the 
primary exhibits lines of P II and Ga II, should be examined at higher 
dispersion than used in the present work (6.7 A mm 1) to ascertain if 
the secondary exhibits peculiarities similar to those of the primary. 
This will provide a further test for the proposal of Searle and Sargent 
(1967) that spectral peculiarities are acquired before the star reaches 
the main sequence.
I wish to thank Dr. M.S. Bessel1 for many interesting discussions 
on this subject and both him and Dr. A.IV. Rodgers for their criticisms 
of the manuscript. The assistance of a General Motors Holden 
Postgraduate Fellowship and an Australian National University Research 
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NEUTRAL-HELIUM LINE STRENGTHS. VI.
THE VARIATIONS OF THE HELIUM SPECTRUM VARIABLE a CENTAURI
JOHN NORRIS
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ABSTRACT
S p ec tra  (AA38G0-6700) and continuum m easures (AA3400-5600) have 
been o b ta in ed  o f a Cen during  th e  years  1967-69. These have been used 
to  determ ine  the v a r ia t io n s  o f s e v e ra l o b se rv a tio n a l param eters - 
hydrogen l in e  p r o f i l e s ,  helium  and m e ta l l ic  l in e  s tr e n g th s , continuum 
m agnitudes and c o lo rs , and r a d ia l  v e lo c i t i e s .
The p eriod  o f the  helium l in e  v a r ia t io n s  i s  found to  be 8.814 days 
in  d isagreem ent w ith the  p e rio d  o f  8.8172 days o b ta ined  from s p e c tr a l -  
type d a ta  s t r e tc h in g  back to  1895. This su g g ests  th a t  th e  v a r ia t io n  is  
n e t s t r i c t l y  p e r io d ic .
An a n a ly s is  o f  th e  hydrogen l in e  p r o f i l e s ,  th e  continuum measures 
and th e  helium l in e  s tre n g th s  shows th a t  w hile th e  helium  abundance 
a p p a re n tly  changes from c(He)(=N(He)/N(H)) = 0.004 to  0.23 only  sm all 
changes in  e f f e c t iv e  tem peratu re  and g ra v ity  are  a llow ed . While the  
helium  l in e  s tre n g th s  show no evidence fo r  d e p a rtu re s  from LTE, and may 
be exp la ined  in  term s o f an uneven elem ent d i s t r ib u t io n  over th e  su rfa ce  
o f  a r o ta t in g  s t a r  ( 'r o ta to r *  h y p o th e s is ) , th e  m e ta l l ic  l in e  v a r ia t io n s  
defy ex p lan a tio n  in  term s o f  such a model. In p a r t i c u l a r ,  the  l in e s  o f 
S i I I  show no v a r ia t io n ,  w hile th o se  o f  Si I I I  show an an tip h ase  
v a r ia t io n  w ith  re sp e c t to  th e  helium  l in e s .
A ll o f  the  m e ta l l ic  l in e s  show e i th e r  no v a r ia t io n  o r vary  in  
an tip h ase  w ith those  o f helium . Tne r a d ia l  v e lo c i ty  m easures, however, 
e x h ib it  th e  same behaviour fo r  bo th  the  helium  and the  m e ta l l ic  l in e s .  
This lead s  to  the  r e je c t io n  o f th e  ' r o t a t o r 5 h y p o th e s is .
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I t  is  suggested  th a t  a Cen may be r e la te d  to  the  p e c u lia r  A and B 
s t a r s .  This i s  made f e a s ib le  by th e  ex is ten c e  o f a p robab le  helium  
spectrum  v a r ia b le ,  HD 162374, among th e  w eak-helium -line s t a r s ,  and the 
p o s i t io n  o f a_ Cen in  the  (0 , log g )-p lan e  where i t  co in c id es  w ith  the  
reg io n  found to  be occupied by the  w eak-helium -line s t a r s .
I . INTRODUCTION
Bidelman (1965) f i r s t  rioted th a t  th e  s h a rp - lin e d  B s t a r  <i Cen 
(HD 125823) e x h ib its  rem arkable changes in  th e  s tre n g th  o f  i t s  n e u t r a l - 
helium l in e s .  Soon a fte rw ard s  i t  was shown th a t  th e  phenomenon is  
p e r io d ic  (Jaschek , Jaschek  and Tucewicz 1968, h e re in a f te r  r e fe r re d  to  
as JJK; N orris  196b) and th a t  the  helium  s p e c tra l  types a t  the  extrema 
o f  th e  v a r ia t io n  a re  B2 and B8^ (Jasch ek , Jaschek , Morgan and S le tte b a k  
1968, h e r e in a f te r  r e f e r r e d  to  as JJMS). On th e  o th e r hand N o rris  (1968) 
showed th a t  th e  e f f e c t iv e  tem peratu re  and su rfa ce  g ra v ity  deduced from 
the constancy o f  th e  Balmer jump and the  hydrogen l in e  p r o f i l e ,  Hy, 
were 0 (=5040/T ) = 0.25 ± 0.01 and log g = 4 .0  ± 0 .1 . The dilemma is  
im m ediately obv ious. How can a s t a r  in  which the  e f f e c t iv e  tem peratu re  
and g ra v ity  are  c o n sta n t e x h ib it  such la rg e  changes in  helium lin e  
s tre n g th ?  Indeed, th e  e x is ten c e  o f  such a s t a r  s t r a in s  th e  c r e d ib i l i ty  
o f the  a tm ospheric  abundances determ ined fo r  normal s ta r s  w ith  c o n stan t 
helium  l in e  s t r e n g th s .
1 The corresponding  change in  th e  helium  l in e  s tre n g th  He I Ä4471 was 
shown to  be 2200-300 mA (N orris  1968) .
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The aim o f  th e  p re se n t paper is  to  examine th e  behaviour o f the  
helium  l in e s ,  to g e th e r w ith  th e  o th e r sm all v a r ia t io n s  o f  continuum, 
m etal l in e s ,  and r a d ia l  v e lo c i ty  which accompany the gross helium  l in e  
v a r ia t io n .  These secondary v a r ia t io n s  p la ce  severe  r e s t r i c t i o n s  on the 
v a rio u s  hypotheses which may be suggested  to  ex p la in  th e  phenomenon.
The helium  l in e  s tre n g th s  a re  p re sen ted  in  § I I ,  and are re-exam ined, 
to g e th e r  w ith  the d a ta  p re sen ted  by JJMS and JJK , to  determ ine the  
p e r io d  o f  th e  v a r ia t io n .  In § I I I  continuum measures and th e  hydrogen 
l in e  p r o f i l e s  Hy and H<5 are  used in  co n ju n c tio n  w ith  the  helium  l in e  
s tre n g th s  to  determ ine th e  a tm ospheric  param eters - e f f e c t iv e  tem p era tu re , 
su rfa c e  g ra v ity  and apparen t helium  abundance. While only sm all 
v a r ia t io n s  in  e f f e c t iv e  tem p era tu re  and g ra v ity  a re  a llow ed, the  helium  
abundance appears to  vary  by a f a c to r  o f  about 60. The m etal l in e  
v a r ia t io n s  are  examined in  some d e ta i l  in  § IV and the  r a d ia l  v e lo c i ty  
measurements a re  p re sen ted  in  § V. The in fe re n c e s  which may be drawn 
from th ese  assembled d a ta  a re  examined in  § V I.
I I .  THE PERIOD OF THE HELIUM LINE VARIATION 
Cen was observed through th e  years  1967-69. Photographic s p e c tra  
were ob ta ined  u sin g  th e  32-in ch  camera o f  the  coud6 spectrograph  
a tta c h e d  to  th e  74-inch  te le sc o p e  a t  Mount S trom lo. I I a -0  (baked) and 
103a-F em ulsions were used in  th e  b lue (d isp e rs io n  6 .7  A mm and 
v is u a l (d isp e rs io n  10.2 A mm reg io n s  r e s p e c t iv e ly .  One b lu e  p la te  
taken  in  1965 was made a v a ila b le  to  th e  au th o r by A.R. Hyland. D e ta ils  
o f procedure and red u c tio n  have been d e sc rib ed  in  Paper IV o f th is
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series (Norris 1970a) and will not be repeated here. From intensity- 
tracings of these spectra the equivalent widths of the helium lines 
and several metal lines, together with the hydrogen line profiles Hy 
and H6, have been measured. The catalogue of helium line strengths 
is given in Table 1. Columns (1) and (12) contain the Julian day of 
the observation; columns (3)~(li) and (14)-(22) give the equivalent 
widths (rounded to 5mA) of 9 lines in the range XX4009-6678. A dash 
indicates that the line was not present while p indicates a plate fault.
The two lines XX4120 and 4168 have been omitted since they are 
blended with lines of 0 II, while the lines XX4921, 5015 and 5047 are 
not included since they could not be reliably measured on the above- 
mentioned spectra. In the final row of Table 1 the corresponding line 
strengths of the B2 V star x Cen are also given. These values have 
been taken from Paper IV and are the average of two observations.
In § III it will be shown that a Cen has an almost identical effective 
temperature and gravity to x Cen. It is then evident that a Cen is not 
only helium weak at one extremum of its variation, but also helium 
strong at the other compared to stars of similar effective temperature 
and gravity.
Before the data of Table 1 are examined to determine the period of 
the helium line variation it must be noted that the periods determined 
by JJK and Norris (1968) are significantly different. From their 
investigation of the spectral types (based primarily on the helium 
lines) of 24 spectra obtained over the interval 1895-1368 JJK determined 
a period of 3.8061 days. Norris reported a period of 8.812 ± .004 days
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from an a n a ly s is  of th e  He I A4471 eq u iv a len t w idth v a r ia t io n  over the  
in te r v a l  1965-0 8 . This was based on 25 m easures. S ince i t  is  
im portan t to  e s ta b l is h  i f  th e  d if fe re n c e  in  p e rio d s  is  caused by 
se c u la r  v a r ia t io n  we s h a l l  now examine the  two d e te rm in a tio n s  in  some 
d e t a i l .
The d a ta  upon which JJK based th e i r  p e rio d  i s  given in  Table 2.
They have been taken  from JJMS and JJK. The f i r s t  and th i r d  columns
give th e  J u l ia n  day ( fo r  the  d a ta  o f  JJMS the  s t a r  was assumed to  have
been observed on th e  m eridian) and th e  second and fo u rth  columns give
2the  assigned  s p e c tra l  ty p e . Using th e  epoch JD 2439986.6 and p e rio d  
8.8061 days th e  ( s p e c tr a l  ty p e , phase)-d iag ram  o f  JJK is  given by the 
f i l l e d  c i r c l e s  in  F igure 1 (a ) . I t  may be p o in ted  out th a t  although  th is  
p ro v ides a good re p re se n ta tio n  o f  th e  o b se rv a tio n s  i t  is  on ly  a necessa ry  
co n d itio n  th a t  th e  pe rio d  has been c o r r e c t ly  determ ined . The p erio d  
8.8172 days a lso  d e sc r ib e s  th e  d a ta .  For th i s  p e rio d  and th e  above 
epoch the  ( s p e c tra l  ty p e , phase)-d iag ram  is  shown in  F igure  1 (b) ( f i l l e d  
c i r c l e s ) . F u rth e r o b se rv a tio n s  a re  n ecessa ry  to  choose between the  
a l t e r n a t iv e s .  These were p rovided  by th e  p la te  v a u lt  a t  Mount Strom lo. 
Seven exposures o f a Gen have been o b ta in ed  over th e  in te rv a l  1954-62 
w ith  th e  C assegrain  spec tro g rap h  a tta ch ed  to  th e  30-inch  te le sc o p e .
2 '
The s p e c tra l  type fo r  the  1895 o b serv a tio n  (Harvard o b je c t iv e  prism  
p la te )  has been ass ig n ed  B4 by th e  au th o r in  th e  l ig h t  of; th e  fo ilov/ing 
d e sc r ip tio n  c f  JJMS. ’The phase in d ic a te d  fo r  th i s  p la te  i s  in te rm e d ia te  
between He I maximum and minimum.; th e  l in e  He I A4471 i s  s t r ik in g ly  
asym m etrical, shading toward the  v io le t ,  due to  the  p resence  o f  the  
fo rb idden  component a t  A4469*. This has been done s o le ly  to  allow  the  
in c lu s io n  o f th i s  o b se rv a tio n  in  the  pe rio d  a n a ly s is .
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Figure 1 ; Spectral type-phase diagram for a. Cen.
The epoch is HD 2-139986.6 and the period 
is (a) 8.8061 days and (b) 8.8172 days.
Filled and open circles correspond to 
data from Tables 2 and 3 respectively.
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TABLE 2
SPECTRAL TYPES OF JJMS AND JJK SPECTRA
JD
2400000+
(1)
Sp. Type 
(2)
JD
2400000+
(3)
Sp. Type 
(4)
13302.7 B4 39933.9 B2
18122.5 B5 39377.7 B2
18147.5 B2 39980.7 B3
18155.4 B2 39981.7 B8
18757.8 B7 39983.7 B5
18794.7 B7 39984.7 B3
18889.4 B5 3998S.6 B2
19120.8 B8 39986.6 B2
32669.8 32 39987.7 B3
35169.9 B3 39988.6 B5
37795.8 B7 39989.6 B9
38843.8 B8 39991.6 B7
39647.7
39933.9
B7
B2
39997.7 B5
The dispersion was 36 A mm * at Ily. These spectra were compared with 
others of the sharp-lined stars x Cen (B2 V) and k Eri (B5 IV) taken 
with the same instrument to determine spectral types based on the 
helium line strengths alone. Hie material is not of high quality for 
spectral classification, having been secured primarily for radial 
velocity determination; yet it is sufficient for our purpose. On three 
occasions the seven spectra were classified with high consistency. The 
assigned spectral types are given, together with the times of observation, 
in Table 3; the columns are the same as in Table 2. These data were then 
superimposed on the two (spectral type,phase)-diagrams in Figure'l(a) and
1 8 7 .
TABLE 3
SPECTRAL TYPES OF STROMLQ CASSEGRAIN SPECTRA
JD
2400000+
(1)
Sp. Type 
(2)
JD
2400000+
(3)
S p . Type 
(4 )
3 4 8 7 6 .0 B7 3 5 6 3 5 .0 B6
34940 .9 B4 359 9 6 .0 B8
35241 .1 B4 378 5 8 .9 B4
3 5289 .9 B7
(b) a s  open c i r c l e s .  I t  may be se e n  t h a t  th e  v a lu e  8 .S172 days p r o v id e s  
th e  b e t t e r  d e s c r i p t i o n  o f  t h e  d a t a .
N o r r is  (1968) b a se d  h i s  d e te r m in a t io n  o f  8 .8 1 2  days on th e  
v a r i a t i o n  o f  He I A4471. The d a ta  o f  T a b le  1 h av e  been  a n a ly z e d  to  check  
t h i s  d e te r m in a t io n .  The m ethod o f  p e r io d  d e te r m in a t io n  i s  t h a t  
d e s c r ib e d  by L a f le r  and Kinman (1965) . They com pute th e  p a ra m e te r
N 2
1 (n  - m )
1 = 1Q =  — -------------------------------------
1 22  ( m .  -  II )
i = l  * 1 2
w here N = num ber o f  o b s e r v a t io n s ,  m. = i n d iv i d u a l  o b s e rv e d  m e a s u re s ,
N 1
M = 2 m. /N,  f o r  a  num ber o f  t r i a l  p e r i o d s .  0 i s  a  minimum f o r  th e
i = l  1
c o r r e c t  p e r io d .  F or th e  s e t  o f  o b s e r v a t io n s  o f  each  o f  th e  l i n e s  
He I AA4009, 4026 , 4143 , 4387 , 4471 and 4713, 0 was com puted f o r  a  
num ber o f  t r i a l  p e r io d s  around  8 .8 1 2  d a y s .  The p e r io d s  w hich m in im ize  
Q a re  g iv en  in  T a b le  4 . The f i r s t  colum n g iv e s  th e  w a v e le n g th  o f  th e
188.
TABLE 4
PERIOD (DAYS) OF THE HELIUM LINE VARIATION
DETERMINED FROM INDIVIDUAL LINES
Wavelength Period
4009
4026
4143
4387
4471
4713
8.814 
3.812
8.814 
8.315 
3.811 
8.314
line and the second the period. All lines give a period in the range 
8.811-8.815 days. The final determination of the period was made by 
analyzing the set of observations comprising, at each phase, the sum 
of the equivalent widths of the six helium lines discussed above. This 
procedure will tend to reduce random errors in the individual line 
strength measures. The dependence of 0 on period is shown in Figure 2. 
The adopted period is 8.814 days and as may be inferred from the figure 
the value of 8.8172 days does not give the best fit to the data.
The difference in periods is difficult to explain. A linearly 
changing period cannot explain the spectral type data of Tables 2 and 
3, and if there are random changes in the period it seems highly unlikely 
that such a good fit would result for the period 8.8172 days as shown 
in Figure 1(b). One possible explanation is that the period 
experiences small changes on a time scale of a few years about a mean
189.
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3value of 8.8172 days. Alternatively it is possible that the period 
of 8.814 days determined in the present work is in error, though it 
is then difficult to explain why the individual lines all yield periods 
in the range 8.811-8.815 days. Continued observations are necessary to 
settle this point.
For the remainder of the present work all phases will be 
determined using the following elements;* 4
Maximum of He I = JD 2440083.5 + 8^814 E 
Phases computed using these elements are given in columns (2) and (13) 
of Table 1.
III. EFFECTIVE TEMPERATURE, SURFACE GRAVITY AND THE APPARENT 
HELIUM ABUNDANCE VARIATION
In the B stars the continuum, and in particular the Balmer jump, 
and the hydrogen line profiles are good indicators of effective 
temperature and gravity respectively. Cousins and Stoy (1963) noted 
that the V magnitude of a Cen varied by 0.05 mag; Norris (1968) found 
that the Balmer jump and hydrogen line profile Hy were remarkably 
constant throughout the helium line variation. In this section
In this regard I draw the reader’s attention to the evidence 
presented by Rakos (1968) on the changes of the period of some 
magnetic and spectrum variables. According to Rakos the period of 
HD 71866, for example, changed from 6.7991 days in 1954 to 6.77 days
in 1964. Babcock (1956), in his investigation of the magnetic field
variation of this star from 1949 to 1956 concluded that there were 
’real deviations from true periodicity’, and that the period lay 
between the limits 6.798 and 6.800 days.
4
The epoch given by Norris (1968) is incorrect. For his Figure 1 
the correct epoch is JD 2439924.1.
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further observations o f these parameters are presented . These c o n s ist  
o f  p h o to e lec tr ic  photometry using both narrow-band f i l t e r s  and a 
spectrum scanner, together with p r o f ile s  o f the hydrogen lin e s  Hy 
and H6 obtained from the spectra d iscussed  in § I I .  These data are 
used in conjunction with the helium lin e  strengths o f Table 1 to 
determine the e f fe c t iv e  temperature, grav ity  and apparent helium  
abundance v a r ia tio n s . Limits to the p o ss ib le  changes in  e f fe c t iv e  
temperature and grav ity  allowed by the small changes in continuum and 
hydrogen l in e  p r o f ile s  are d iscu ssed .
a) P h o to e lec tr ic  continuum measures 
The narrow-band system c o n s is ts  o f  three f i l t e r s  at XA3535, 4272 
and 5305 and has been described in  d e ta il  by N ew ell, Rodgers and 
Searle (1969). Using th is  system , d if fe r e n t ia l  observations were 
made o f  Cen with respect to the nearby stars x Cen and b Cen.
When i t  became apparent that x Cen and ij; Cen were both constant only  
the former was used as comparison. These continuum measures are 
presented in Table 5. The f i r s t  s ix  observations were made by 
E.B. Newell and the f in a l two by R.D. Watson; the remainder were 
obtained by the author. The seventh and eighth  observations were 
obtained using a spectrum scanner at the e f fe c t iv e  wavelengths o f  
the f i l t e r  system . In a l l ,  four te le sco p es  were used to obtain th is  
data - the 40-inch and 16-inch at Siding Spring Mountain and the 
50-inch and 30-inch at Mount Stromlo. The f i r s t  and second columns 
o f Table 5 g ive the Julian  day and phase o f the observation  
r e sp e c tiv e ly , the th ird  g ives the magnitude m(3535), the fourth and
1 9 2 .
TABLE 5
NARROW-BAND MEASURES OF a CENTAURI
JD
2400000+
(1) (2)
m(3535)
(3)
[m(3535) 
-m(4 2 7 2 )]  
(4)
[m(4272) 
-m (5 3 0 5 )] 
(5)
n
(6)
39706.9 .32 4 .4 1 5 .233 - .3 2 3 2
39710 .9 .78 4 .3 9 0 .235 - .3 3 9 19
39711 .9 .90 4 .412 .232 - .3 3 4 16
39714 .0 .13 4 .4 1 4 .239 - .5 4 0 6
39714 .9 .24 4 .4 0 7 .230 - .3 3 0 6
39983.1 .66 4 .3 7 3 .226 - .3 4 3 4
39992 .0 .67 4 .369 .231 - .3 4 2 8
40051 .0 .37 4 .3 9 4 .237 - .3 4 1 12
40313 .0 .09 4 .425 .254 - .3 4 5 26
40314 .0 .21 4 .4 2 0 .247 - .3 3 5 27
4 0 3 17 .0 .55 4 .3 7 4 .231 - .3 3 8 44
40322 .2 .14 4 .431 .256 - .3 4 2 6
40323 .0 .23 4 .4 0 4 .240 - .3 4 7 8
f i f t h  columns g iv e  t h e  c o l o r s  [m (3 5 3 5 ) -m (4272) j  and [m( 4 2 7 2 ) -m(5 3 0 5 )]  
r e s p e c t i v e l y ,  w h i l e  t h e  f i n a l  column g iv e s  t h e  number o f  a  Cen - x Cen 
c o m par isons  w hich co m p rise  e a c h  o b s e r v a t i o n . These m easu res  a r e  on t h e  
a b s o lu t e  s c a l e  o f  Hayes (1 9 6 7 ) .
The d a t a  o f  T a b le  5 a r e  p r e s e n t e d  g r a p h i c a l l y  i n  F ig u r e  3 w hich  
shows t h e  v a r i a t i o n  o f  t h e  con tin u u m  p a ra m e te r s  w i th  p h a s e .  The 
u p pe rm ost  p l o t  i s  t h e  v a r i a t i o n  o f  t h e  h e l iu m  l i n e  A4471 w hich  i s  
i n c lu d e d  f o r  com par ison  p u r p o s e s ;  t h e  seco n d  i s  t h e  v a r i a t i o n  o f  
m (3535) ,  w h i l e  t h e  t h i r d  and f o u r t h  a r e  t h e  v a r i a t i o n s  o f  th e  c o l o r s  
[m (3535 )-m (4272 )J  and [m (4 2 7 2 )-m (5 3 0 5 )] r e s p e c t i v e l y .  T here  a r e  two 
im p o r ta n t  c o n c l u s i o n s :
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Figure 3 : Comparison of narrow band measures with the
helium line variation. The upper curve is 
the variation of the line He I X.4471 ; the 
next three are the continuum magnitude m(3535)* 
and the two colors [m(3535)-m(4272)] and
[m (4 2 7 2 ) - in (5 3 0 5 ) ]  •
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i )  The s t a r  b r ig h te n s  a t A3535 by 0.05 mag. as th e  helium  l in e s  weaken 
from maximum to  minimum. That i s ,  the  l ig h t  v a r ia t io n  is  in  an tip h a se  
w ith the  helium  l in e  v a r ia t io n .
i i )  The c o lo r  [m (3535)-ra(4272)J, which i s  a measure o f the  3almer jump, 
d ecreases  by 0.02 mag. as th e  s t a r  b r ig h te n s . There appears to  be l i t t l e  
i f  any v a r ia t io n  in  the co lo r [m(4272)-m (530b)J, which i s  a measure o f 
th e  Paschen s lo p e .
This b r ig h te n in g  and decreased  Balmer jump, co rrespond , a t  co n stan t 
helium  abundance arid s t e l l a r  r a d iu s ,  to  a change in  th e  re c ip ro c a l  
e f f e c t iv e  tem peratu re  Aü, 'v -0.Ö05. We s h a ll  re tu rn  to  the  
in te r p r e ta t io n  o f  th e se  v a r ia t io n s  in  § 111(e).
As w ell as th e  narrow-band o b se rv a tio n s , m easures were made o f  th e  
continuum in  th e  range AA3390-5556 using  th e  scanner a tta ch e d  to  the  
50-inch  te le s c o p e . For d e t a i l s  o f o b se rv a tio n  and re d u c tio n  th e  
re a d e r i s  r e fe r re d  to  Paper IV. The continuum m agnitudes o f  a Gen, 
averaged over ten  o b se rv a tio n s  and norm alized to  A5556 a re  given in  
Table 6. In reducing  th e se  m easures th e  Hayes c a l ib ra t io n  o f  Vega 
(Hayes 1967) has been adopted . Small l in e -b la n k e tin g  c o r re c t io n s , 
determ ined from the in te n s i ty  tra c in g s  o f  th e  s p e c tra ,  have been ap p lied  
in  th e  bands 1/A = 2.48 to  2 .19 y
b) Hydrogen l in e  p r o f i l e s
The p r o f i le s  o f Hy and H6 were measured from in te n s i ty  t r a c in g s  
o f 37 s p e c tra  taken in  th e  b lue  re g io n . Averages over red  and b lue  
wings showed th a t  th e  p r o f i l e s  a re  q u ite  sym m etric. The mean p r o f i l e s  
( re s id u a l i n t e n s i t i e s ) , averaged over a l l  p la te s  and bo th  wings a re  
given in  columns (2) and (7) o f Table 7 fo r  Hy and H<5 r e s p e c t iv e ly .
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TABLE 6
CONTINUOUS ENERGY DISTRIBUTION OF a CENTAURI 
(Q^ = ~2.S lo g  + C onst)
l / A C u ' 1) % l A C u ' 1 ) % i / a q T 1) Q-v
2 .5 5 -0 .1 8 5 2 .43 - 0 .4 9 0 2 .0 0 -0 .1 4 5
2 .9 0 -0 .1 7 5 2 .40 -0 .4 2 5 1 .95 -0 .1 0 5
2 .8 5 -0 .1 5 5 2 .3 5 -0 .4 1 0 1 .9 0 -0 .0 7 5
2 .8 0 -0 .1 4 0 2 .2 4 -0.35Ö 1.85 -0 .0 4 5
2 .7 5
2 .7 0
-0 .1 3 0
-0 .1 3 5
2 .1 9
2 .0 9
-0 .2 9 5
- 0 .2 2 0
1 .80 0.000
HYDROGEN LINE 
AT VARIOUS
TABLE 7
PROFILES, Hy AND H6, 
PHASES ( r  = RESIDUAL
IN a CENTAURI 
INTENSITY)
Hy H6
AX (A) A l l Helium s t r o n g  Helium weak A l l Helium s t r o n g Helium weak
r r s . e . r  s . e . r r  s . e . r  s . e .
(1) (2) (3) (4) (3) (6) (7) ( 2 ) ( 3 ) (10) (11 )
0 .372 .378 .004 .363 .004 .350 .361 .005 .339 .005
1 .546 .544 .003 .545 .004 .490 .492 .005 .488 .005
2 .620 .619 .003 .620 .003 .574 .577 .004 .573 .004
3 .682 .678 .003 .684 .003 .647 .648 .003 .647 .003
4 .735 .730 .003 .738 .001 .705 .702 .003 .706 .003
5 .780 .776 .002 .783 .003 .757 .751 .003 .759 .003
6 .814 .810 .002 .817 .002 .799 .793 .002 .804 .003
7 .844 .840 .002 .848 .002 .836 .330 .002 .843 .003
8 .869 .866 .002 .873 .002 .864 .860 .002 .871 .003
9 .889 .886 .002 .892 .002 .888 .883 .001 .895 .003
10 .907 .905 .002 .910 .002 .908 .904 .001 .912 .003
12 .934 .932 .001 .937 .002 .937 .934 .001 .939 .002
1S6.
To ascertain if there were changes in the line profiles throughout the 
cycle of helium line variation mean profiles were computed for spectra 
taken in the phase interval 0.8S - 0.15 (helium strong) and the 
interval 0.35 -0.65 (helium weak). Both wings were included in the 
average. The profiles for the two cases, together with the standard 
errors for each wavelength are given in columns (3)-(6) for Hy and 
(8)~(11) for Ho of Table 7. For both lines the profiles are slightly 
deeper when the helium is strong, though the differences are barely 
significant from a statistical point of view. We will return to these 
observations in § 111(e) in placing limits on the variations of 
effective temperature and gravity.
c) Atmospheric parameters
The hydrogen line profiles and continuum measures have been 
compared with profiles and continua computed for a grid of approximate 
line-blanketed model atmospneres. These computations have been 
described in Papers I (Morris and Baschek 1970) and IV of this series. 
The hydrogen line-broadening adopted was that of Edmonds, Schlüter 
and Wells (1967) (hereinafter referred to as E5W). It is important 
to note that these models were computed for a helium abundance 
e(He) (=N(He)/N(H)) of 0.11. We shall p>roceed on the assumption that 
the helium abundance has little effect on the hydrogen line profiles 
and continuum, but reconsider the problem, a posteriori, when we have 
determined the apparent helium abundance variations. Adopting the 
reddening of ^ = 0.01 obtained using the Q method of Johnson (1958) 
the continuum scan and hydrogen line profiles lead to an effective
197.
temperature and surface gravity of 0 = 0.262 and log g = 4.2. Thesoe
are the parameters of a B2 V star. In fact, the parameters determined 
for x Cen (B2 V) in Paper IV are 0^ = 0.260 and log g = 4.0. In this 
respect x Cen provides excellent comparison for a Cen.
d) Interpretation of the helium line strengths
We shall see in the following subsection that the possible changes 
in effective temperature and gravity which correspond to the changes 
in continuum and hydrogen line profiles observed in a Cen are small.
At most they are A0^ = 0.01 and A log g = 0.2. Such changes are 
incapable of causing the observed helium line strength variation. Then 
we are faced with two possibilities. There is either a real change in 
the helium abundance of the regions we are observing or there are 
strong departures from LTE in these regions.
If v/e interpret the helium line strengths in terms of LTE 
computations we might hope to find evidence of departures if they exist. 
It must be noted, however, that should the non-LTE effect change the 
populations of all observed levels to the same extent we will simply 
observe an apparent abundance change. For this purpose an analysis 
of the helium line strengths of Table 1 was performed at the four 
phases 0.50, 0.63, 0.85, 0.00 using helium line strengths computed on 
the assumption of LTE. These computations have been described in 
Papers I and IV with the exception that line strengths for the diffuse 
series lines XX4009, 4026, 4143, 4387 and 4471 were computed for the 
abundance e(He) = 0.02 as well as the values 0.05, 0.10 and 0.20 used 
in Paper IV. All of the lines presented in Table 1 arise from the 2"^ P
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and 23P levels. The phases 0.63 and 0.38 were chosen since data are also 
available for the line he I X5015 which arises from the metastable 2 S 
level. Departures from LTE should be most apparent in this line.
From spectra taken with an RCA two-stage image tube attached to 
tne 32-inch camera of the coudd spectrograph the equivalent widths of 
XS015 at the phases 0.63 and 0.88 are 70 mA (1 spectrum) and 270 mA 
(4 spectra) respectively. These data were obtained and reduced as 
described in Paper IV. These values should be accurate to 20 per cent.
To determine the line strengths for the other helium lines at the four 
above phases, smooth curves were drawn through plots of line strength 
versus phase. The adopted equivalent widths are given in columns (3)-(6) 
of Table 8. The first and second columns give the wavelength and atomic 
transition respectively of the line analyzed. Using the adopted 
effective temperature and gravity of a Cen these equivalent widths 
have been interpolated in the grid of computed line strengths to determine 
the corresponding helium abundances. These have been compared with the 
abundances determined for x Cen in Paper IV, which are reproduced in 
the final column of Table 8. The quantity A log e(He) = log e(He)a ^en - 
log e(He)^ is given in columns (7)-(10) of the table. This 
procedure will tend to cancel any differences from line to line. Even 
so, only low weight may be assigned to the lines XX4009, 5875 and 6678 
which were shown in Paper IV to yield abundances discordant from those 
obtained using the other lines . An examination of the results in 
Table 8, excluding the above unreliable lines, shows that at any 
phase all lines yiolu tuo same abundance with only small scatter about
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TABLE 8
EQUIVALENT WIDTHS AND DIFFERENTIAL HELIUM ABUNDANCES CF a CENTAURI 
COMPARED WITH X CENTAURI FOR THE PHASES 0 .5 0 ,  0 . 6 3 ,  0 . 8 3 ,  0 .0 0
A
CD
T r a n s i ­
t i o n
(2)
W (mA) A lo g  e ( H e ) ( a  Cen-y Cen)
efHe)
v ' x  Cen
( I D
6= .50 
(3)
.63
(4)
.8 8
(5)
.00
(6)
.50 .63 .88 .00
(7) (8) (9) (10)
5015 2 1S - 3 1P 70 270 . . .  - 1 .0 7 - 0 .1 5  . . . .070
4437 2 1P - 5 1S <20 £30 145 215 < - l . 1 7 < - 0 .9 1 - 0 .1 0  0 .3 3 .090
6678 21P - 3 1D 200 330 820 1000 - 1 .3 5  - 0 .9 5 - 0 .0 7  0 .0 8 .310
4387 - 5 i D 90 180 1080 1480 - 1 .5 0  - 1 .2 0  0 .1 8  0 .5 1 .095
4143 - 6 XD 90 240 1180 1550 - 1 .4 2  - 0 .9 8  0 .1 6  0 .4 3 .105
4009 - 7 1D 30: 110 940 1250 - 1 .4 8  - 1 .0 0  0 .2 5  0 .4 8 .060
4713 3 32°P-4  S 75 95 325 420 -1 .11 -0 .9 5  0 .0 7  0 .3 8 .090
5875 3 32 1 - 3  D 350 440 930 1160 - 1 .0 3  - 0 .8 3  0 01 0 .21 .170
4471
3
-4 D 320 480 1800 2320 - 1 .2 8  - 1 .0 3  0 .1 4  0 .4 2 .075
4026 „3.-b Ü 320 520 1880 2300 - 1 .3 0  - 1 .0 6  0 .1 0  0 .3 4 .080
th e  mean v a l u e .  In p a r t i c u l a r ,  a t  p h a s e  0 .6 3  t h e  l i n e  A5015 g iv e s  t h e  
same v a lu e  as  t h e  o t h e r  l i n e s .  We c a n  c o n c lu d e ,  a t  l e a s t ,  t h a t  t h e r e  
a r e  no d i l u t i o n  e f f e c t s  i n  t h e  f o r m a t i o n  o f  t h e  h e l iu m  l i n e s ,  and t h a t  
t h e r e  a r e  no a p p a r e n t  d e p a r t u r e s  from  LTE.
We may now d e te r m in e  t h e  a p p a r e n t  h e l iu m  abundances  a t  t h e  e x trem a  
o f  t h e  v a r i a t i o n .  The d a t a  i n  T a b le  8 have  b een  a v e ra g e d  f o r  t h e  l i n e s  
AA4026, 4143 , 4587 , 4471 and 4713 . The l i n e s  AA4009, 5875 and 6678 have 
been  e x c lu d e d  f o r  t h e  r e a s o n s  g iv e n  a b o v e ,  w h i le  f o r  A4437 t h e  d a t a  a r e  
i n c o m p le t e .  The a p p a r e n t  a b u n d an ces  a t  h e l iu m  minimum and maximum a r e
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e(He) = 0.004 and 0.23 respectively. This represents a change of a 
factor of about 60 in the number of atoms in the observed excitation 
states.
e) Implications of continuum and hydrogen line variations
It has been shown that the helium line strengths give no evidence 
for departures from LTE. One possible hypothesis to explain the 
variation is that we observe the surface of a rotating star over which 
the helium is unevenly distributed. This is consistent with the 
sharpness of the spectral lines. (The rotational velocity inferred 
from the Mg II X4481 line is v sin i = 15 km sec Then assuming a 
radius of 5 Rq and sin i = 1 the period of rotation is about 13 days.) 
This will be referred to as the ‘rotator5 hypothesis.
We may then enquire what changes the helium abundance variation 
will have on the continuum and hydrogen line profiles. To this end, 
model atmospheres (unblanketed for ultraviolet lines) have been 
computed for the author by A.V. Peterson using the program developed by 
Strom and Avrett (1564), and refined by R. Kurucz and others of the 
Harvard-Smithsonian group. Models were prepared for 0^ = 0.24, 0.25; 
log g = 4.0; and e(Ho) =0.00 and 0.25. In Table 9 the quantities 
m(3535) (normalized to the model [0 , log g, e(He)] = [0.25, 4.0, 0.0]), 
[m(3535) - m(4272)j and [m(4272) - m(5305)] are listed for the various 
models. Here m(A) is the monochromatic magnitude corresponding to the 
flux at the stellar surface. We see that at constant effective 
temperature and gravity, 0^ = 0.25 and log g = 4.0, an increase in the 
helium abundance from 0.00 to 0.25 causes a brightening of the star of
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TABLE 9
CONTINUUM PARAMETERS OF FOUR UNBLANKETED MODEL ATMOSPHERES
9e 0.240 0.240 0.252 0.252
iog g 4.0 4.0 4.0 4.0
e(He) 0.25 0.00 0.25 0.00
m(3535) -.131 -.112 .000 .028
Lm(353S)-m(4272)j .183 .198 .238 .254
[m(4272)-m(5305)] -.329 -.326 -.326 -.325
Arn(3535) = -0.03 mag. Yet a Cen becomes fainter by An(3535) = Ü.Ü5 nag. 
as the apparent helium abundance increases. Thus, at constant effective 
temperature arid gravity, the observed apparent helium abundance change 
will not explain the continuum variation.
Further examination of Table 9 shows that the observed continuum 
variations are in fact consistent with the observed helium abundance 
change and a change in the effective temperature of A0^ 'v -0.007 (at 
constant radius). Hence proponents of the ’rotator’ model may argue that 
the model is still valid but that the helium patches have slightly 
different temperatures. Tne hydrogen lines, however, provide further 
difficulties for this model.
While tne continuum is relatively insensitive to changes in helium 
abundance, the hydrogen line profiles change significantly due to changes 
in the pressure structure. Let us suppose that at the extremes of its 
variation a Cen is represented by the anblanketed models (G.240, 4.0,
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0.00) and (0.247, 4.0S 0.25)° which satisfactorily explain the continuum 
and helium line variations. The computed profiles of the hydrogen line 
Hy are shown for these two models by the dashed line (high helium model) 
and the full line (low helium model) in Figure 4. For comparison the 
observed profiles given in Table 7 for the phase intervals 0.85 - 0.15 
(high helium) and 0.35 - 0.65 (low helium) are shown by the filled and 
open circles respectively. (The computed profiles lie above the 
observations because they correspond to log g = 4.0, while £ Cen has 
a gravity of 4.2.) The important thing to note is that the large 
difference between the two computed profiles is not present in the 
observations. That is. the two proposed models are inconsistent with 
the observed hydrogen line profiles.
To remove the inconsistency we would need to postulate that the 
effective gravity of a Cen increases by A log g ^ 0.2 as the helium 
lines weaken. While it may be possible to achieve this by postulating 
some other form of pressure (due perhaps to a magnetic field) or a 
change in radius (and its accompanying effect on the continuum) it 
seems fortuitous that the net change nearly cancels any hydrogen line 
variation. We shall not pursue this hypothesis further, but will 
produce independent evidence against the 'rotator* hypothesis in the 
ensuing sections.
 ^ It should be pointed out that these temperatures are hotter by 
A0e = 0.02 than the average value determined in § II1(c) to allow for 
differences in temperature scale caused by the inclusion of ultraviolet 
line blanketing. See Mihalas and Morton (1965) and Adams and Morton 
(1968) for a discussion of this effect.
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We may now place limits on the variation of effective temperature 
and gravity. They art- A0^ a» 0.007 and A log g a, 0.2. Changes of this 
order will have only a small effect on the conclusions we have reached 
regarding the apparent helium abundance changes.
IV. THE METALLIC LINE SPECTRUM OF a CENTAURI 
The metallic line spectrum of a Cen places further restrictions on 
any hypothesis suggested to explain the helium variation. Equivalent 
widths have been measured for the lines of nine elements heavier than 
helium. The ionic species represented are C II, N II, 0 II, Ne I, Mg II, 
A1 III, Si II, Si III, S II and Fe III. Jaschek and Jaschek (1967) 
reported the presence of gallium and manganese in a spectrum (dispersion
42 A ram )^ obtained near helium minimum. I can find no evidence for 
either of these elements. The lines Sr II XX4077, 4215 and Fe II XX 
4233, 4549 and 4583 appear to be weakly present (’7 ^ 10-20mA) at helium 
minimum. Apart from these lines of Sr II and Fe II, the lines 
observed in a Cen are also found in y Peg (B2 IV), albeit of different 
intensities.
The equivalent widths in a^ Cen of one line of each of the above 
ten ionic species are presented in Table 10. The form of the table is 
identical to that of Table 1, except that the column of phases has 
been omitted. The equivalent widths of a_ Cen have been compared with line 
strengths measured in eight normal stars ranging in spectral type 
from B2 to B7. The equivalent widths for these stars are given in 
Table 11. Columns (i)-(3) give the starvs name, effective temperature
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arid gravity respectively, while the equivalent widths of the ten lines 
presented for a Cen, together with the line strength of He I A4471 are 
given in columns (4)-(14). The atmospheric parameters of these stars 
were determined in Paper IV and the equivalent widths have been 
determined for spectra described therein. The comparison is best 
achieved graphically as shown in Figure S. On the left the variation, 
in a_Cen is shown. With the exception of the Ne I line, the equivalent 
widths have been averaged over intervals of 0.1 in phase. On the right 
the line strength in normal stars is plotted against effective 
temperature. (The slight gravity dependence of the various lines should 
not be important in this diagram.) The full line has been drawn by hand.
Considering first the variations of a Cen, it is important to note 
that no line varies in phase with the helium lines. The lines of N II,
Si III and Fe III vary in antiphase with helium, while the lines of C II,
0 II, Ne I, Mg II, Al III, Si II and S II appear not to vary significantly. 
In the cases cf C II and 0 II, the slight variation apparent in the 
figure is not supported by an investigation of other lines of these 
elements (C II AA39IS, 3920; 0 II AA4414, 4416). Most significant is 
the fact that while Si III A4552 varies by 50 mA. the line Si II A4130 
does not vary at all. The other lines of these two species also share 
this behaviour (Si II AA4128, 6347, 6371; Si III AA4567, 4574).
The data of Figure 5 present a serious challenge to proponents 
of the hypothesis that line formation in this star occurs in LTE. 
Consideration of the small change in effective temperature of 
69^ 'v 0.007 allowed by the continuum variation, together with the
208.
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Figure 5: Left; the variation of several metallic lines in a_ Cen as a
function of phase * Right: the dependence of the metallic 
line strength in normal stars on reciprocal effective temperature.
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completely different behaviour of such lines as N II A 4630 and 
A1 III A4529, which behave in a similar manner in normal stars, 
indicate that temperature changes cannot explain the variations of 
the metallic lines.
On the other hand, the different behaviour of Si II and Si III 
presents a severe obstacle to the 'rotator* hypothesis of an uneven 
distribution of element abundance. It may be argued that while an 
increasing effective temperature and increasing silicon abundance 
act together to cause the observed increase in the Si III line, the 
two effects cancel in the formation of the Si II line to leave it 
unchanged. To test this possibility one may pose the following 
question. Assuming that the observed increase of the line 
Si III A4552 is caused by a decrease A6e = -0.007 in the reciprocal 
effective temperature and an increase in the silicon abundance in the 
region observed, what accompanying change would we expect in the line 
strength of Si II A4.130. The answer is somewhat complicated by the 
fact that the effective temperature indicated by the Si II/Si III 
equilibrium in the middle B stars generally yields a higher effective 
temperature than does the continuum. Kodaira and Scholz (1970), for 
example, obtained effective temperatures differing by = 0.03 in 
their investigation of i Her (B3 V). This effect may be due to errors 
in the oscillator strengths used for these lines (for Si II A4130 the 
gf values proposed by various workers range from 0.7 to 5.6; see 
Schulz-Guide 1969). On the other hand Peters and Aller (1970) have 
pointed out that the Si II lines are formed in the outer layers of
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such sta rs  and may not be amenable to LTE computations. Mihalas and 
Henshaw (1966) have computed lin e  strengths for Si II A4130 and 
Si III A4552 for a grid  o f unblanketed model atmospheres. An examination 
o f  these computations and the data o f  Table 11 shows that the 
Si I 1 /Si III equilibrium  cannot be s a t is f ie d  with the adopted 
e f fe c t iv e  temperatures which are based on continuum measurements.
In order to proceed I have assumed that the continuum e f fe c t iv e  
temperatures are correct and that the lin e  strength  computations must 
be corrected to allow  for errors in o s c i l la to r  strengths and p o ss ib le  
non-LTb e f f e c t s .  Using the average data for x Cen and k Cen given  
in Table 11, and assuming atmospheric parameters (0 , log  g) =
(0 .2 4 , 4 .0 ) on the unblanketed temperature s c a le , the s i l ic o n  
abundances (r e la t iv e  to the so la r  value) derived from Si II A4130 
and Si III X45S2 are log e (S i)  = 0 . 9  and -0 .75 r e sp e c tiv e ly . In 
using the Mihalas-Henshaw computations in  in v e stig a tin g  a Cen 
correction s o f  these amounts have been applied to the abundances 
for which the two lin e s  have been computed. Since the correction s  
have been determined for stars sim ilar  in e f fe c t iv e  temperature and 
gravity  to  a_ Cen we may hope the m odified computations w il l  g ive a 
reasonable rep resen tation  o f  the s i l ic o n  lin e s  for th is  s ta r . Then 
i f  we assume that the e f fe c t iv e  temperature o f  a Cen varies from 
6^  = 0.240 to 0.247 at log g = 4 .0  we fin d  that the change in 
Si II X4130 that we would expect to accompany the S i III X4552 
va r ia tio n  i s  30 mA. Such a v a r ia tio n  would have been rea d ily  
observed and should be contrasted to the constancy o f  the lin e  strength
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shown in F igure  S. I t  appears th e re fo re  t h a t  the  behaviour o f  these  
two l in e s  i s  evidence ag a in s t  the  ' r o t a t o r '  h y p o th e s is ,  and the  theory  
o f  l in e  formation in  LTE fo r  a Cen.
There i s  one f u r th e r  i n t e r e s t i n g  fe a tu re  o f  the  l in e  s t re n g th s  o f  
£ C e n .  The He I l in e  A6402 i s  cons tan t and o f  normal s t r e n g th .  In t h i s  
re sp ec t  a Cen resembles the w eak-helium -line  s t a r s  which a lso  have 
normal s t re n g th s  of Ne I ,  as opposed tc  th e  Si A420Ö s t a r s  in  which 
th e se  l in e s  are  weak (S argen t, G reens te in  and S argen t,  1969).
V. RADIAL VELOCITY VARIATIONS
Radial v e lo c i ty  measurements have been made o f  each spectrum 
obta ined  in  th e  b lue  s p e c t r a l  reg ion  using  th e  p h o to e le c t r ic  s e t t i n g  
device  a t  Mount S trom lo . The l in e s  measured have been d iv ided  in to  
th re e  groups:
i )  He I AA4Ü26, 4471.
i i )  N I I  X5994; Si I I  AA38S6, 3862, 412b, 4130, Si I I I  XX4552, 4567.
i i i )  C I I  XX391S, 3320 4267; Mg I I  X4481.
The f i r s t  i s  th e  helium group. This c o n s is ts  o f  only two l in e s  s ince  
a t  helium minimum th e  o th e r  l in e s  a re  too weak to  be measured 
s a t i s f a c t o r i l y .  The method o f  s e t t i n g  on a l in e  was to  superimpose 
two m irro r  images of the  l in e  d isp layed  on a cathode ray  o s c i l lo sc o p e .  
In the case o f  th e se  two asymmetric l i n e s ,  only th e  cores were 
superimposed to o b ta in  the  p o s i t io n  o f  the  l i n e .  Group ( i i )  con ta ins  
the  an tip h ase  elements Si I I I  and N I I .  The Si I I  l in e s  have been 
included here  s in ce  i t  would be expected to  behave s im i la r ly  to  Si I I I
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from a radial velocity point of view. Those lines which show no line 
strength variation have been grouped in (iii) .
Baca spectrum was measured and reduced on two occasions. The 
adopted wavelengths are those given by Moore (1945). The results, 
averaged over intervals of 0.1 in phase, are presented in Table 12 for 
each of the three groups. Column (i) gives the phase interval, columns 
(2)-(4) give the radial velocity for groups (i)-(iii) respectively, while 
the final column gives the number of observations in each interval.
The results are shown in Figure 6. It is apparent that each group 
exhibits a similar behaviour.^ The variation has an amplitude of 
4 km sec * with maximum velocity occurring at phase 0.8. This is perhaps 
the strongest evidence against the ‘rotator2 hypothesis. Hot only would 
one expect a larger amplitude for the velocity variation, but one 
would also require groups (i) and (ii) to vary in antiphase.
It will be seen that the radial velocity of the helium lines is 
systematically greater than those of the other two groups by 4.5 km sec * 
Tnis result is not peculiar to a Cen. A total of eleven spectra of 
the normal sharp-lined B stars y Peg, x Cen, k Cen, a Tel and k Eri 
were also measured to determine if there are any systematic differences 
between these helium lines and the metallic lines in normal stars.
It was found that the helium lines yielded systematically greater 
velocities than the metals by 3.5 km sec ^ . l/hile the effect is not
^  - - —
For completeness it should be noted that the velocities obtained for
the hydrogen lines (measured on nine spectra) are similar to those
obtained for the metallic lines.
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Figure 6 : Radial velocity variations for three
groups of lines in a Cen. (i) Helium 
lines; (ii) varying metallic lines; 
(iii) non-varying metallic lines.
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TABLE 12
RADIAL VELOCITIES (km sec ) OF THREE GROUPS OF LINES IN a CENTAURI
Phase
interval vr (i) vr(U) vr (Ui) n
(I) (2) (3) (4) (5)
0.00 - .09 8.0 3.1 6.0 1
.10 - .19 9.3 5.1 4.4 2
.20 - .29 8.5 3.9 4.0 3
.30 - .33 0
.40 - .49 9.0 3.8 3.6 2
.50 - .59 10.0 5.2 5.3 7
.60 - .69 10.0 5.4 5.3 3
.70 - .79 12.4 7.3 6.1 5
.80 - .89 9.4 5.8 6.5 4
.90 - .99 9.5 5.4 5.6 9
understood (though it may be due to pressure shifts) it is evident that 
it is not pertinent to the present investigation and will thus not be 
pursued further.
In tne weak-helium-line star 3 Cun A most of the helium is in the form
3 3of the isotope He (Sargent and Jugaku, 1961). To check if He was
present in Cen at any phase, the relative positions of the two helium
lines AA5875 and 6678 were measured, using the setting device, on the
spectra obtained in tue visual region. (While A5875 experiences an
3isotopic shift of only 0.04 A for pure He , the corresponding shift
for A6678 is 0.50 A [Fred, Tomkins, Brody and Hamermesh, 1951j.) No 
3evidence for He was found.
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VI. CONCLUSION
In the  preceding  sec t io n s  the  v a r ia t io n s  o f  s ev e ra l  o b se rv a t io n a l  
param eters o f  a Cen have been p resen ted  and examined. The ’ro ta to r*  
h y p o th e s is ,  t h a t  the  v a r ia t io n s  are caused by an uneven d i s t r i b u t i o n  
o f  elements over the  su rface  o f  a r o t a t i n g  s t a r ,  has been found wanting 
on th re e  c o u n ts :
i )  The hydrogen l in e s  do not change as would be expected i f  the  
helium l in e  v a r i a t io n  i s  a r e a l  abundance e f f e c t .
i i )  The Si I I  l i n e s  remain cons tan t in  c o n t r a s t  to  the  v a r i a t i o n  o f  the  
Si I I I  l i n e s .
i i i )  While some m e ta l l i c  l in e s  have s t r e n g th s  which vary in an tip h ase  
with those o f  helium , a l l  l in e s  share  a common r a d i a l  v e lo c i ty  
b e h av io u r .
This leads us to the  conclusion  th a t  th e  p o pu la tions  o f  the  
v a rious  energy s t a t e s  are n o t  in  accord with LTE. The o b s e rv a t io n s ,  
however, g ive  no obvious clue to  the  n a tu re  of the  non-LTE 
mechanism causing  th e  v a r i a t i o n s .  The a n a ly s is  o f  the  helium l in e s  
in  § I I I  Cd) ru le s  out the  p o s s i b i l i t y  o f  d i l u t i o n  e f f e c t s  in  the  
popu la t io n  o f  the  helium energy l e v e l s .  For helium the  popu la t io n  o f  
a l l  o f  the  observed le v e ls  appear to  change by th e  same amount a t  any 
one phase, a t  l e a s t  to  w ith in  the  accuracy  o f  the  a n a ly s i s .  The 
m e ta l l i c  l in e  s t re n g th  v a r i a t io n s  in d ic a te  t h a t  th e  e f f e c t  must be a 
complicated fu n c tio n  o f  the  atomic s t r u c tu r e  o f  th e  elem ent. As w ell 
as th e  p e c u l i a r  behaviour o f  s i l i c o n ,  the  constancy o f  A1 I I I  A4529 
compared to  the  v a r i a t i o n  o f  Si I I I  A4552 i s  s u r p r i s in g  in view o f  the
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s im i la r i ty  o f t h e i r  e x c i ta t io n  p o te n t ia ls  and o f the  f i r s t  th re e  
io n iz a tio n  p o te n t ia ls  o f  th e  two e lem en ts.
One may ask i f  th e re  a re  o th e r s t a r s  wnich experience  v a r ia t io n s  
s im ila r  to  those  o f  a_ Cen. To th e  a u th o r 's  knowledge th e re  a re  only 
two groups o f  s t a r s  in  which changes o f  helium  l in e  s tre n g th s  a re  
observed.
The f i r s t  i s  th e  group o f double s ta r s  which com prises, on th e  one 
hand, th e  d o u b le -lin e d  sp ec tro sc o p ic  b in a r ie s  a V ir , a Aql, 6*Sco,
AO Cas and y^Sco in  which th e  helium  l in e s  o f  th e  secondary change in  
s tre n g th  (see S truve 1950), and on th e  o th e r  hand th e  s in g le - l in e d  
b in a ry  y Sgr in  which the  helium  l in e  X4471 o f  th e  prim ary changes from 
200 to  600 mA as th e  secondary causes a sm all e c l ip s e  (Lowen, 1950). 
Because o f  th e  la rg e  r o ta t io n a l  v e lo c i t i e s  o f s ta r s  in  th e  f i r s t  
subgroup l i t t l e  i s  known o f  th e  behaviour o f  th e  m e ta l l ic  l in e s  in  the  
sec o n d a rie s . (Though i t  should  be no ted  th a t  in  3*Sco Abhyankar [l9 5 9 j 
re p o r ts  th a t  th e  l in e  S i I I I  X4552 v a r ie s  in  phase w ith  He I X4471.)
In th e  case o f  y Sgr i t  i s  in te r e s t in g  to  n o te  th a t  Mg I I  X4481, as in  
a Cen, does n o t vary  when th e  helium  l in e  s tre n g th  changes. In  c o n tra s t  
to  t h i s ,  th e  em ission  observed a t  Ha in  y Sgr i s  never p re se n t in  
a Cen. I t  would, p e rh ap s, be in s t r u c t iv e  to  in v e s t ig a te  th e  changes in  
atm ospheric s t r u c tu r e  caused by t i d a l  d i s to r t io n  during  th e  c lo se  
passage o f  a companion s t a r .  Y et, w hile  th i s  may be p e r t in e n t  in  the 
case o f  y Sgr, and w hile i t  cannot be proved th a t  a Cen i s  n o t a 
b in a ry , i t  seems u n lik e ly  th a t  th i s  would cause th e  com plicated  m e ta ll ic
l in e  behaviour observed in  a Cen.
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The second group comprises some of the spectrum variables of the 
Si A4200 stars and the weak-helium-line stars. The best documented 
of the Si A4200 stars are 56 Ari and HD 124224 described by Peterson 
(1966). He finds that these stars have a reciprocal effective 
temperature of 0^ = 0.39. The helium line A4471 varies from 50 to 300 mA 
in antiphase v;ith a light variation of small amplitude. In contrast to 
a Gen the Si II lines vary - in antiphase with those of helium. If 
we suppose (as seems reasonable) that the non-LTE effect we expect in 
a Con is depth dependent, it is plausible that the phenomenon may affect 
one ionic species (in this case Si II) differently in stars of different 
effective temperatures. (It should also be recalled that while it is 
comnonly believed that all Ap stars have magnetic fields [Sargent 1964j, 
Norris [1968] was unable to detect a field in a_ Cen; though this does 
not preclude the existence of one.)
At helium minimum a Cen would certainly be classified as a weak- 
helium-line star. In Paper V of this series (Norris, 1970b) the 
author suggested that the weak-helium-line star, HD 162374
(0 = 0.305, log g = 3.75) also exhibits changes in its helium linee
strengths. This was based on five spectra taken at dispersion 
6.7 A mm x. The extremes of the line strengths measured for He I A4471 
were 350 and 650 mA. If this variation is substantiated, this star 
may provide a link between a Cen and the peculiar A and B stars.
Figure 7 shows the position of a number of Si A4200 stars, several 
weak-helium-line stars and a Cen in the (0 , log g)-plane. ('Hie 
temperatures in this diagram are on the ultraviolet-line-blanketed
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model scale, and the gravities correspond to the ESW nydrogen line- 
broadening theory.) The data for the Si X4200 stars have been taken from 
Hyland (1967) while the results for the weak-helium-line stars are 
taken from Paper V. As may be seen from the figure the two groups of 
stars seem to occupy well defined regions in the (0 , log g)-plane. 
Although none of these phenomena - the Si X4200 stars, the weak-helium­
line stars and a_ Cen - are well understood, it is oerhaps no coincidence 
that £ Cen lies in the region occupied by the weak-helium-line stars in 
this diagram.
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The major results of the present investigation may be summarized 
as follows:
1) For normal Population I stars in the spectral range B0-B3
(0.17 < 0ß < 0.40) that are on or near the main sequence the majority 
of neutral-helium line strengths may be used, in conjunction with LTE 
model atmosphere computations, to obtain credible atmospheric helium 
abundances. The value obtained for 14 nearby Population I stars is:
N(He)/N(H) = 0.09 ± 0.015
2) The helium singlet-triplet anomaly of Population I stars may be 
essentially understood as a line saturation effect.
3) The weak-helium-line stars of Population I are restricted to a
small range in effective temperature (0.25 < 0^ < 0.35). The sample of 
14 such stars studied here define a boundary in the (0 , log g)-plane 
stretching from 9^ = 0.25, log g = 4.4 to 0 = 0.35, log g = 3.5 hotter
than which there are no weak-helium-line stars. This group of stars has 
apparent atmospheric helium deficiencies (by number) of 2-15 compared to 
normal Population I stars.
4) The subdwarf B stars of Population II have reciprocal effective 
temperatures 0^ ^ 0.20 and gravities log g 'v 5.2. They have apparent 
atmospheric helium deficiencies of 10-50 compared to normal Population I 
stars. The helium singlet-triplet anomaly in these stars is explained 
within the framework of LTE in terms of the high gravities and low 
atmospheric helium abundances of these objects.
5) Michaud (1969) has proposed that the helium weakness in the 
peculiar A and B stars of Population I (and by implication the group of
224.
Bw stars and the blue-horizontal-branch stars of globular clusters of 
Population II [which have similar effective temperatures and gravities]) 
is the result of gravitational diffusion in these stars. It is 
suggested that the present results support this hypothesis, and that 
the subdwarf B stars (which have higher temperatures and gravities) 
may have acquired their helium weakness at an earlier stage of their 
evolution when they had atmospheric parameters similar to those of 
the other weak-helium-line stars.
6) The helium spectrum variable a Centauri lias been described in some 
detail, l/hile the effective temperature and gravity are relatively 
constant (6 = 0.26 ± 0.01, log g = 4.2 ± 0.2 [observational limits])
the atmospheric helium abundance appears to vary from N(He)/N(H) = 0.004 
to 0.23 on an 8.814 day period. Although no satisfactory explanation 
for this phenomenon has been found, it is argued that the hypothesis 
of an uneven element distribution over the surface of a rotating star 
does not satisfactorily explain the observations.
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